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ROBERT    NAPIER. 
(1791—1876.) 

Prt'siJail  1863—1865. 


Robert  N.apier  was  born  at  Dumbarton  on  the  18th 
June  1791.  Having  served  an  apprenticeship  of  five  years 
as  blacksmith  with  his  father,  he  worked  as  a  blacksmith 
and  mechanic  in  Edinburgh  and  Glasgow.  In  1815  he 
started  on  his  own  account  in  Glasgow  as  a  blacksmith, 
and  later  he  became  an  ironfounder  and  engineer,  and 
built  his  tirst  marine  engine  for  the  "  Leven  "  steamboat  in 
1823.  Five  years  later  he  removed  to  larger  premises, 
subsequently  adding  a  shipbuilding  yard  at  Govan.  Many 
tirst-class  steamers  of  all  sizes  were  built  there,  both  by 
himself  and  the  subsequent  firm  of  Robert  Napier  and  Sons. 
He  was  early  connected  with  steam  navigation,  being 
associated  in  1830  with  the  City  of  Glasgow  Steam  Packet 
Company,  most  of  whose  vessels  were  engined  by  him.  In 
1839  he  helped  to  establish  the  Cunard  Line  of  mail 
steamers  plying  between  this  country  and  North  America. 
He  also  built  in  1856  H.M.S.  "Erebus,"  the  first  of  the 
armour-clad  vessels  ordered  for  the  British  Navy.  He  died 
on  the  23rd  June  1876. 

Mr.  Napier  became  a  Member  of  this  Institution  in 
1856,  and  was  President  in   1863,   1864.  and   1865. 
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PROCEEDINGS. 


July  1912. 


The  Summer  Meeting  of  the  Institution  was  held  in  Belfast, 
commencing  on  Tuesday,  30th  July  1912,  at  Ten  o'clock  a.m.  The 
President,  Edward  B.  Ellington,  Esq.,  took  the  Chair  in  the 
Hall  of  the  Municipal  Technical  Institute,  after  the  Council  and 
Members  of  the  Institution  had  been  welcomed  by  the  Lord  Mayor 
OF  Belfast,  Councillor  R,  J.  M'Mordie,  M.A.,  M.P.,  and  the 
Members  of  the  Belfast  Reception  Committee. 


The  Lord  Mayor,  in  welcoming  the  President,  the  Council, 
and  the  Members  of  the  Institution,  said  he  presumed  a  large 
number  of  those  present  had  already  been  welcomed  individually 
in  the  City,  and  it  was  now  his  privilege  to  extend  a  formal  but 
cordial  welcome  on  behalf  of  the  citizens  as  a  whole.  Belfast  was 
favoured  occasionally  by  visits  of  various  organizations  from  the 
other  side  of  the  Channel,  whether  textile  or  engineering,  while 
they  had  frequent  visits  of  Learned  Societies.  The  citizens  were 
very  glad  to  have  such  visits,  and  he  trusted  that  the  City  always 
acquitted  itself  as  it  should  do  when  it  was  favoured  with  the 
presence  of  distinguished  strangers.  On  the  present  occasion  the 
welcome  was  particularly  hearty,  because  although  all  Belfast 
people  were  not  engaged  in  engineering  work  they  always  seemed 
to  be  more  or  less  in  touch  with  it.  He  thought  the  community 
as  a  whole  might  be  looked  upon  as  highly  mechanical.     In   the 

2  u 


586  RECEPTION    IN    BELFAST.  JuLY  1912. 

(The  Lord  Mayor  of  Belfast.) 

surrounding  district  there  existed  men  who,  although  they  had 
never  received  any  technical  training,  could  do  many  wonderful 
things  in  the  mechanical  line.  He  knew  places  in  the  country 
where  farmers  and  their  sons  could  build  a  house,  doing  all  the 
masonry  work  and  the  joinery  work  in  their  spare  time.  The 
community  as  a  whole  was  mechanical,  and  possibly  they  ought  to 
have  more  mechanical  works  in  the  City  than,  as  a  matter  of  fact, 
existed.  The  Members  would  understand,  however,  that  Belfast 
had  to  import  all  its  raw  material,  and  the  engineering  firms 
therefore  could  not  compete  on  equal  terms  in  the  markets  of 
the  world  when  dealing  with  very  heavy  castings  or  machinery. 
The  Belfast  manufacturers  confined  themselves  largely,  he  believed, 
more  or  less  to  manufacturing  things  in  which  the  proportion  of 
skilled  labour  to  the  raw  material  was  very  large.  He  would 
not,  however,  discuss  a  subject  with  which  he  was  not  very 
familiar. 

While  expressing  the  great  pleasure  the  community  enjoyed  in 
receiving  such  a  distinguished  body  as  the  Institution  of  Mechanical 
Engineers,  he  pointed  out  that  there  was  one  drawback  in  connection 
with  the  Meeting,  namely  that  a  sufficient  number  of  members  had 
not  come  to  Belfast.  The  citizens  had  been  expecting  nearly  double 
the  number  that  had  actually  come,  and  he  hoped  that,  when 
those  who  had  attended  left  the  City,  they  would  be  able  to  report 
to  the  members  who  had  not  come  that  they  had  made  a  mistake 
in  staying  at  home.  He  knew  that  the  community  as  a  whole  was 
d^ghted  with  the  visit,  and  he  was  convinced  that  the  feeling 
would  receive  due  expression  during  the  coming  week.  He  was 
confident  that  their  deliberations  would  be  successful,  that  nothing 
but  goodwill  would  exist  during  the  Meeting,  and  that  very 
pleasant  memories  would  be  left  when  they  had  gone. 

The  President,  on  behalf  of  himself  as  President  of  the 
Institution,  of  the  Council,  and  of  the  Members,  thanked  the 
Lord  Mayor  most  heartily  for  the  kind  words  of  welcome  to  which 
he  had  just  given  expression.  It  was  quite  true  that  in  Belfast 
and  its  immediate  neighbourhood   there  was  an  immense  amount 
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of  mechanical  interest.  When  the  Institution  paid  its  summer 
visits,  which  were  such  an  important  part  of  the  Institution's 
work,  they  went  where  they  knew  they  could  learn  something 
which  they  could  not  learn  at  home.  The  Members  wished  to 
broaden  their  ideas,  and  to  keep  in  touch  with  all  that  was  best 
in  the  country.  Mechanical  engineers  were  cosmopolitan ;  in  fact, 
all  engineering  was  cosmopolitan,  and  there  was  also  a  bond  of 
union  wherever  they  went  among  the  members  of  the  Institution. 
Within  the  last  eight  years  the  Institution  had  paid  Summer 
Visits  in  England  on  three  occasions,  also  a  Meeting  in  Scotland, 
in  Wales,  in  Belgium,  in  Switzerland,  and  now  in  Ireland ;  one  of 
the  Meetings  held  in  England  was  a  joint  meeting  with  the 
American  Society  of  Mechanical  Engineers.  It  would  thus  be 
seen  that  their  sympathies  were  broad.  He  would  not  say  any 
more  at  the  moment,  except  to  express  again  the  very  hearty 
thanks  of  the  Members  to  his  Lordship  for  his  kind  welcome. 


The  President  said  he  very  much  regretted  to  have  to  formally 
announce  to  the  Members  what  most  of  them  already  knew, 
namely,  that  during  the  last  week  the  Institution  had  lost  by 
death  their  old  friend,  Henry  Lea,  of  Birmingham.  The  late 
Mr.  Lea  was  a  Member  of  the  Institution  for  a  great  many  years, 
namely,  since  1860.  He  served  for  a  long  time  upon  the  Council, 
and  was  most  highly  esteemed  by  them.  He  was  sure  the 
Members  would  [unanimously  agi'ee  that  a  letter  of  condolence 
should  be  sent  on  behalf  of  the  Meeting  to  his  surviving  relatives. 

The  Resolution  was  carried  in  silence,  aU  the  Members 
upstanding. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by 
the  Council,  and  that  the  following  two  hundred  and  six  candidates 
were  found  to  be  duly  elected : — 
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The  following  Papers  were  read  in  abstract  and  discussed : — 

"  Rolling-Stock  on  the  principal    Irish  Narrow-Gauge  Railways  " ; 

by   R.    M.   LiVESEY,   Meniher,    Locomotive    Superintendent, 

Co.  Donegal  Railways  Joint  Committee,  Stranorlar. 
"  New   Graving   Dock,    Belfast :    Mechanical    Plant   and    General 

Appliances " ;  by  W.  Redpern  Kelly,  Engineer-in-Chief  to 

the  Belfast  Harbour  Commissioners. 
"  The  Evolution  of  the  Flax  Spinning  Spindle  " ;  by  John  Horner, 

of  Belfast. 


At  Half -past  Twelve  o'clock  p.m.  the  Meeting  was  adjourned  to 
the  following  morning. 


The  Adjourned  Meeting  was  held  in  the  Hall  of  the  Municipal 
Technical  Institute,  Belfast,  on  "Wednesday,  31st  July  1912,  at 
Ten  o'clock  a.m. ;  Edward  B.  Ellington,  Esq.,  President,  in  the 
Chair. 

The  following  Papers  were  read  in  abstract  and  discussed : — 

"  Wire   Ropes   for  lifting  appliances,  and   some   Conditions   that 

aflfect  their   Durability";   by  Daniel  Adamson,  Member,  of 

Hyde. 
"  Reciprocating    Straight-Blade    Sawing-Machines " ;    by   Charles 

WiCKSTEED,  Member,  of  Kettering. 
*'  Commercial  Utilization  of  Peat  for  Power  Purposes  " ;  by  H.  V. 

Pegg,  of  Belfast. 
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The  Peesidext  said  the  very  pleasant  duty  devolved  upon  him 
of  asking  the  members  to  pass  a  vote  of  thanks  to  the  various 
gentlemen  and  firms  who  had  contributed  to  the  success  of  the 
Meeting  at  Belfast.  He,  therefore,  had  much  pleasure  in 
moving : — 

"  That  the  best  thanks  of  the  Members  of  the  Institution  of 
Mechanical  Engineers,  in  this  Meeting  assembled,  be  given  : — 

To  the  Right  Hon.  the  Lord  Mayor  of  Belfast,  Councillor 
R.  J.  M'Mordie,  M.A.,  M.P.,  for  his  Welcome  of  the 
President,  Council,  and  Members  of  the  Institution  to 
the  City  of  Belfast ;  also  to  his  Lordship  and  the  Lady 
Mayoress,  for  their  kind  invitation  to  a  Reception  in  the 
City  HaU. 
To  the  Belfast  Corporation  Library  and  Technical  Instruction 
Committee,  for  the  loan  of  the  HaU  and  other  rooms  of 
the  Municipal  Technical  Institute  ;  and  to  Mr.  Francis 
C.  Forth,  the  Principal,  for  arranging  other  facilities 
connected  with  the  Meetings. 
To  the  Chairman  of  the  Reception  Committee,  the  Lord 
Mayor ;  the  Vice-Chairmen,  The  Most  Hon.  the 
Marquess  of  Londonderry,  K.G.,  P.C,  G.C.V.O.,  The 
Right  Hon.  the  Earl  of  Shaftesbury,  K.P.,  K.C.V.O., 
Mr.  J.  Milne  Barbour,  D.L.,  Mr.  R.  H.  Reade,  D.L., 
and  Mr.  Robert  Thompson,  D.L.,  M.P. ;  the  Honorary 
Treasurer,  Mr.  H.  Incledon  Johns ;  and  Members  of  the 
Belfast  Reception  Committee,  for  the  many  arrangements 
they  have  made  for  the  entertainment  of  the  Members 
and  Ladies. 
To  the  Chairman  and  Directors  of  Messrs.  Hai"land  and 
Wolff,  for  their  kindness  in  entertaining  the  Members  to 
Luncheon. 
To  Mr.  and  Mrs.  S.  C.  Davidson,  for  inviting  the  Members 

and  Ladies  to  a  Garden  Party  at  Seacourt,  Bangor. 
To    the    Belfast    Harbour    Commissioners,    for    inviting   the 
Members  and  Ladies  to  a  Steamboat  Excursion  on  Belfast 
Lough ;  also  to  Mr.  Robert  Thompson,  M.P.,  Chairmaii 
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of   the   Harbour  Commissioners,  for  inviting   the  pax-ty 
to  Tea. 

To  the  Belfast  Corporation  Improvement  Committee,  for  the 
use  of  Ulster  Hall  for  the  Institution  Dinner  and  the 
Institution  Luncheon. 

To  Messrs.  Harland  and  Wolff,  the  Belfast  Harbour 
Commissioners,  Messrs.  "Workman,  Clark  and  Co.,  and 
the  Proprietors  of  Places  of  Engineering  Interest,  for 
their  kindness  in  throwing  open  their  Works  for  the 
Visits  of  Members  ;  also  to  the  Koyal  Belfast  Golf  Club, 
the  Koyal  County  Down  Golf  Club  and  the  Royal 
Porti'ush  Golf  Club,  for  the  extension  of  hospitable 
facilities. 

To  the  Chairman  and  Directors  of  the  Midland  Railway 
(Northern  Counties  Committee)  and  of  the  Belfast  and 
County  Down  Railway,  for  their  generous  arrangements 
for  travelling  facilities. 

To  the  Right  Hon.  the  Earl  of  Roden,  for  kindly  permitting 
a  Visit  to  Tullymore  Park. 

To  the  Directors  of  Provincial  Cinematograph  Theatres,  for 
their  invitation  to  the  Members  and  Ladies  to  a 
Cinematograph  Exhibition  of  Subjects  of  Engineering 
Interest. 

To  the  London  and  North  Western,  the  Midland,  and  the 
other  Railway  Companies  of  the  United  Kingdom,  for 
special  travelling  facilities  connected  with  the  Meeting. 

To  Mr.  William  A.  Traill,  M.A.  Ing.,  for  arranging  to 
conduct  the  Members  and  Ladies  over  Dunluce  Castle 
and  the  Giant's  Causeway. 

To  the  Joint  Honorary  Local  Secretaries,  Mr.  S.  C.  Davidson 
and  Mr.  Bowman  Malcolm,  also  to  Mr.  A.  Basil  Wilson 
and  Mr.  J.  G.  Harris,  for  planning  visits  to  places  of 
interest  in  Belfast  and  neighbourhood,  and  for  the 
admirable  arrangements  which  their  forethought  and 
energy  have  provided  for  each  day  of  the  Meeting." 
The  Resolutions  were  carried  by  acclamation. 
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The  Meeting  terminated  at  One  o'clock  p.m. 

The  Meeting  was  attended  by  229  Members  and  37  Visitors 
90  Ladies  were  also  present. 
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EOLLING-STOCK    ON    THE    PRINCIPAL    IRISH 
NARROW-GAUGE   RAILWAYS. 


By  R.  M.  LIVESEY,  Member,  Locomotive  Superintendent, 
Co.  Donegal  Railways  Joint  Committee,  Steanoelar. 


Before  taking  up  the  subject  of  this  Paper,  the  author  wishes  to 
digress  briefly,  while  he  recounts  a  few  of  the  reasons  for,  and  the 
relative  advantages  and  disadvantages  of,  narrow-gauge  railways. 

Practically,  the  only  reason  for  the  construction  of  a  narrow- 
gauge  line  is  cheapness,  and  no  doubt  in  certain  cases  a  considerable 
saving  can  be  effected.  But  if,  as  in  many  instances  in  Ireland, 
such  railway  has  to  be  fully  equipped,  almost  on  the  same  lines  as  a 
broad-gauge  railway,  in  order  to  comply  with  the  somewhat  onerous 
requirements  of  the  Board  of  Trade,  then  there  is  very  little  to  be 
gained  from  the  point  of  view  of  economy.  The  author  has  in  mind 
one  narrow-gauge  railway  which  cost  ^11,500  per  mile,  exclusive  of 
roUing-stock,  although  there  was  no  really  heavy  work  involved  in 
its  construction.  For  all  practical  purposes,  the  only  saving  is  in 
land,  a  narrower  width  being  required,  and  this  is  comparatively 
small.  No  railway  should  be  built  of  narrow-gauge  if  the  cost  will 
exceed  £5,000  per  mile,  and  then  only  if  the  proposed  line  will  be 
for  ever  isolated  from  those  of  standard  gauge,  and  the  traffic  is 
always  likely  to  be  small.     It  would  be  decidedly  better  to  build  a 
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"light"  railway  of  the  standard  gauge.  As  the  mileage  of  narrow- 
gauge  lines  in  Ireland  is  no  less  than  525,  of  which  nearly  all  is 
3-feet  gauge,  it  seems  regrettable,  now  that  they  have  come  to  stay 
that  the  majority  of  them  were  not  linked  up  to  foi*m  one  large 
system.  The  whole  of  the  stock  might  thus  have  been  built  to  a 
uniform  standard.  IS^o  two  lines  have  similar  stock,  nor  would  they 
be  readily  interchangeable ;  even  the  height  of  buffer  centres  varies 
in  them  all. 

Coming  now  to  the  subject  of  the  Paper  from  the  rolling-stock 
point  of  view,  the  disadvantages  of  a  narrow-gauge  line  altogether 
outweigh  the  advantages,  if  any ;  and  they  may  be  summarized  as 
follows : — 

(a)  Steep  gradients ;  due  to  following  closely  the  contour  of 
the  country,  in  an  effort  to  save  money  in  banks  and 
cuttings. 

(&)  Sharp  curves  due  to  similar  causes. 

(c)  Greater  overhang  required,  in  order  to  provide  reasonable 

accommodation,    with    consequent    greater    liability    to 
overturn. 

(d)  Greatly  reduced  speeds. 

(e)  Great   inconvenience  and  loss,  owing   to  break   of   gauge 

when  coming  into  contact  with  a  line  of  the  standard 

gauge. 
(/)  A  certain  amount  of  cramping  of  parts,  and  accompanied 

by  reduced  accessibility. 
With  regard  to  the  first  two  items,  it  seems  that  very  little 
thought  was  given  to  future  working,  when  many  of  the  lines  were 
projected.  A  comparatively  small  additional  outlay,  in  the  first 
instance,  employed  in  reducing  grades  and  making  easier  curves, 
would  have  been  repaid  many  times  over  by  the  savings  effected 
in  working.  Heavy  gradients  and  sharp  curves  are  quite  as 
objectionable  from  the  point  of  view  of  working,  on  a  narrow-gauge 
as  on  a  broad-gauge  ]  railway.  These  difficulties  are  practically 
insurmountable  after  the  line  has  been  made ;  but,  in  the  case  of 
items  (c)  to  (/),  they  can  be  greatly  minimized  by  careful  design 
and  a  little  forethought  in  working  out  details. 
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In  the  matter  of  the  break  of  gauge,  the  difficulties  of 
transhipment,  in  the  case  of  goods  and  parcels  traffic,  can  be 
greatly  reduced  by  the  employment  of  specially  designed  tranship- 
trucks,  some  of  which  have  been  in  successful  use  on  the  County 
Donegal  Eailways  for  many  years. 

The  Irish  narrow-gauge  lines  appear  to  afford  greater  variety  in 
the  design  of  locomotives  and  other  stock  than  do  the  broad-gauge 
railways ;  the  general  effect  is  pleasing  and  there  is  no  doubt  that, 
apart  from  all  idiosyncracies  of  design  and  appearance,  the  stock 
referred  to  does  excellent  work  under  very  trying  conditions.  The 
only  limits  to  the  size  of  narrow-gauge  engines,  etc.,  are  those 
imposed  by  the  weight  of  rail  in  use,  permissible  loads  on  existing 
bridges,  and  necessary  clearance  of  existing  structures.  The  gauge 
itself  has  little  influence  on  the  size  of  engine,  if  speed  is  restricted ; 
the  greater  tendency  to  overturn  on  cui^ves  can  be  counteracted  to 
a  large  extent  by  giving  the  outer  rail  ample  super-elevation.  This 
is  relatively  greater  for  the  narrow-gauge  than  for  the  broad-gauge 
for  the  same  speed.  The  comparatively  high  speed  of  40  miles  an 
hour  is  quite  common  on  the  more  important  narrow-gauge  lines. 

The  type  of  engine  almost  universally  adopted  is  the  "  side- 
tank."  There  are  only  two  tender-engines  in  use,  namely,  on  the 
Londonderry  and  Lough  SwiUy  Kailway ;  and  the  BaUycastle 
Railway  have  a  couple  of  "  saddle-tank "  engines.  In  the  design 
of  the  earlier  narrow-gauge  lines,  parts  were  frequently  cramped 
and  inaccessible,  but,  with  experience  and  confidence  in  their 
possibilities,  these  defects  are  disappearing.  One  of  the  difficulties 
in  the  design  of  narrow-gauge  engines  is  the  fire-box,  especially  in 
the  larger  types.  Owing  to  the  very  restricted  space  between  the 
wheels,  and  to  the  fact  that  the  length  of  fixe-box  is  fixed  by  the 
conditions  of  firing,  namely,  the  difficulty  of  properly  distributing  the 
coal  at  a  distance  from  the  fire-hole,  it  is  not  easy  to  get  a  grate  area 
sufficient  to  burn  the  requisite  amount  of  fuel.  If  all  the  coupled 
wheels  could  be  placed  in  front  of  the  fire-box,  this  difficulty  would 
be  disposed  of ;  but,  in  practice,  such  a  coui'se  is  seldom  feasible. 

The  form  of  the  fire-box  in  cross-section  differs  materially  from 
that  of  a  standard-gauge  engine  ;  the  design,  spacing,  and  position 

2  X 
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of  side  and  roof  stays  require  careful  study  and  great  experience, 
if  trouble  is  to  be  avoided.  Generally  speaking,  enough  attention 
has  not  been  paid  to  this  subject,  one  designer  merely  copying 
another,  and  consequently  many  such  fire-boxes  are  a  continual 
source  of  anxiety  to  those  in  charge.  The  copper  plate,  in  contact 
with  the  fire,  usually  sufi"ers  more  severely  in  a  narrow-gauge 
engine  than  in  a  broad-gauge,  owing  to  this  restricted  grate  area 
and  to  the  greater  blast-pressure  required  in  order  to  burn  the 
necessary  quantity  of  fuel  in  a  limited  time,  with  consequent 
severer  scouring  action  on  the  plate  surfaces.  This  involves  higher 
temperatures,  which  have  a  serious  effect  upon  the  plates  in  a 
shorter  time  than  would  be  the  case  on  a  standard -gauge  engine. 
Tube-plates  suff'er  more  severely  from  the  same  cause,  and  also 
from  the  greater  frequency  of  the  changes  of  temperature,  as  weU 
as  the  greater  range,  which  produce  severer  and  more  rapid 
reversals  of  stresses. 

The  author  has  had  great  experience  of  fii-e-box  troubles  with 
narrow-gauge  engines,  and  when  abroad  he  experimented  with 
Low  Moor  iron  and  steel  fire-boxes,  with  the  result  that  the  latter 
gave  a  considerably  longer  life  than  iron,  and  the  iron  than  copper, 
where  the  water  w^as  exceptionally  bad.  All  fire-box  troubles  were 
ultimately  eliminated  by  the  introduction  of  a  circular  steel  fire-box, 
which  gave  every  satisfaction  and  was  very  much  cheaper  in  first 
cost.  With  regard  to  fire-box  design  an  interesting  series  of 
articles  appeared  in  The  Engineer  *  dealing  wdth  causes  of  failure  of 
tube-plates,  etc.,  which  will  repay  careful  study. 

In  Ireland,  outside  cylinders  only  are  the  rule,  as  there  is  no 
room  between  the  frames,  and  usually  the  latter  are  outside  the 
wheels.  This  gives  greatly  enhanced  steadiness  in  running.  A 
leading  four-wheel  bogie  is  very  generally  used,  though  where  the 
load  per  axle  does  not  exceed  the  maximum  pei'mitted  by  the  weight 
of  rail,  there  is  no  reason  why  a  two-wheel  bogie  or  pony  truck 
should  not  be  used — provision  of  course  being  made  for  lateral 
movement — and  so  reduce  the  non-effective  weight  of  engine. 

*  TJie  Enguieer,  23  February  1912,  et  seq. 
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The  couplings  in  almost  universal  use  are  of  the  "  central 
combined  buffer  and  draw-hook  "  type  ;  they  are  automatic  couplers, 
very  efficient  and  perfectly  safe.  Frequently  a  considerable  amount 
of  side-play  is  provided  in  order  to  allow  freedom  and  flexibility  on 
curves,  and  on  carriages  a  "  slack  gathering "  apparatus  is  usually 
fitted ;  though  there  is  no  such  fitting  which  can  be  regarded  as 
sufficiently  reliable  and  effective  in  its  action.  The  screw-coupling 
in  use  by  the  Cork,  Blackrock  and  Passage  Railway  is  certainly  the 
best  for  this  purpose.  Experience,  however,  seems  to  show  that  a 
slack  gathering  apparatus  is  not  absolutely  essential,  at  any  rate  on 
narrow-gauge  lines  with  the  central  buffer.  Side  coupling-chains, 
as  an  additional  precaution,  are  generally  used,  but  on  the  County 
Donegal  Railways  they  are  not  coupled  for  service,  except  when  the 
draw-hook  will  not  engage,  as  is  sometimes  the  case  on  sharp  curves 
in  station  yards;  and  the  side  chains  then  enable  the  vehicles 
to  be  drawn  on  to  the  straight  to  allow  of  the  buffer  engaging 
properly. 

There  is  little  else  in  the  design  of  narrow-gauge  stock  that 
presents  any  very  special  difficulties  or  that  differs  materially  from 
the  standard-gauge  styles.  In  the  woi-king  of  the  stock,  particularly 
engines  of  the  heavier  type,  more  attention  is  required  to  be  given 
to  lubrication,  and  a  larger  quantity  must  be  used  in  the  case  of 
narrow-gauge  engines  than  in  broad-gauge.  It  is  generally  and 
roughly  assumed  that  a  narrow-gauge  engine,  travelling  at,  say, 
30  miles  an  hour,  has  its  moving  parts  doing  as  much  work  as 
a  standard-gauge  locomotive,  running  at  60  miles  an  hour.  An 
example  from  actual  practice  will  make  the  point  clearer.  The 
figures  on  page  604  are  taken  from  a  typical  engine  of  the  broad- 
and  narrow-gauges  respectively. 

Obviously  it  will  require  a  greater  quantity  of  oil  to  lubricate 
540  square  feet  of  surface  than  it  would  for  only  407  square  feet ; 
similar  reasoning  applies  to  other  working  parts.  Attention  is 
drawn  to  this  point,  because  it  is  often  urged  that  narrow-gauge 
engines  require  considerably  less  oil  than  the  standard  engines. 
The  difficulties  of  lubrication  are  enhanced,  in  the  former  case,  by 
the  greater  proximity  of  the  working  parts  to  the  ground  and  to 
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Broad-Gauge 
Engine. 

! 

Narrow-Gauge 
1       Engine.       , 

'                           1 

Diameter  of  driving-wheels 

6  ft.  6  in. 

3  ft.  9  in. 

Eevolutions  per  mile         .... 

258J 

448 

Diameter  of  journals          .... 

8J  in. 

8Jin. 

Length  of  journals 

8Jin. 

6J  in. 

Pressure  on  journal  (lb.  per  sq.  in.)    . 

201 

202 

Lineal    movement    of     circumference     ofi 
journal  per  mile  .         .         .         .         ./ 

575  ft. 

997  ft. 

Surface  swept  by  journal  per  mile 

407  sq.  ft. 

540  sq.  ft. 

the  consequent  easier  access  of  dust  and  grit  to  the  working  parts  ; 
this  is  especially  the  case  in  dry  summer  weather,  and  in  some 
instances  it  is  necessary  to  close  in  the  motion  work  entirely,  to 
protect  it  from  injury. 

It  need  hardly  be  stated  that  the  power  required  to  haul  a 
given  load  is  independent  of  the  gauge,  and  the  cost  would  be 
the  same  for  any  gauge.  Any  advantage  in  cost  —  to  the 
narrower  gauge,  where  it  exists — is  due  to  the  relatively  lesser  tare 
weight  of  vehicles  and  slower  speeds,  and  not  to  the  gauge.  On 
the  larger  and  more  important  of  the  narrow-gauge  lines  in 
Ireland,  the  carriages  and  wagons  will  accommodate  quite  as  much 
traj0&c  of  the  same  volume  and  weight  as  the  broad-gauge  vehicles, 
and  in  some  cases  more  so,  yet  the  tare  of  the  former  is  considerably 
less.  The  wagons  of  the  County  Donegal  Railways  will  all  carry  a 
net  load  of  7  tons,  and  the  average  tare  of  each  is  3|  tons,  though 
all  are  equipped  with  both  hand  and  vacuum  automatic  brakes ; 
they  are  very  substantially  built  and  are  capable  of  being  run  at 
any  speed.  The  present  standard  six-compartment  carriage  of  the 
same  railway  accommodates  sixty  people  comfortably,  is  fully 
equipped  with  vacuum  automatic  brake,  with  acetylene  lighting 
plant,  etc.,  and  weighs  only  11  tons  14  cwt.  or  3*9  cwt.  per 
passenger. 
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Fig.  1.— County  Donegal  Raihoays  Joint  Committee  Lines. 
Profiles  of  Main  Line  and  Three  Branches. 
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For  the  reasons  just  enumerated,  the  narrow  -  gauge  stock  is 
relatively  much  more  efficient  than  the  broad-gauge ;  in  other 
words,  the  proportion  of  paying  to  non-paying  loads  is  considerably 
higher,  and  some  authorities  put  this  figure  at  from  12  to  15  per 
cent.  The  foregoing  remarks  are  not  put  forward  as  showing 
the  advantages  of  a  narrow-gauge  line,  but  serve  to  show  where 
economy  could  be  effected  by  judicious  reductions  in  the  scantlings 
and  weights  of  broad-gauge  vehicles. 

The  author  proposes  briefly  to  describe  and  illustrate  by  outline 
drawings  and  photographs  the  locomotives,  carriages,  and  wagons 
in  use  on  the  more  important  narrow-gauge  lines  in  Ireland. 

County  Donegal  Itailways  Joint  Committee. — This  is  the  longest  and 
most  important  of  the  Irish  narrow-gauge  lines,  the  line  itself  being 
one  of  the  most  difficult  in  the  country.  It  will  be  observed  from 
the  gradient  diagram,  Fig.  1  (page  605),  that  it  is  of  a  switchback 
character,  and  the  curves  are  even  more  numerous  than  the 
gradients,  the  worst  cases  consisting  of  a  7^-chain  curve  on  a  grade 
of  1  in  40 ;  curves  of  8  chains  are  common,  but  the  average  is 
about  10  chains.  The  stock  of  this  Committee  work  over  125^ 
miles  of  line,  and  it  need  hardly  be  said  that  some  heavy  hauling 
has  to  be  performed.  The  traffic  consists  mainly  of  heavy 
goods,  but  all  trains  are  mixed  and  have  to  keep  good  time,  the 
average  speed  between  stations  exceeding  30  miles  an  hour.  In 
Table  1  (pages  624—7),  of  comparative  dimensions  of  engines,  the 
loads  given  for  this  line  are  such  as  the  engines  will  take  on 
the  grade  mentioned  at  15  miles  per  hour.  This  line  possesses 
21  engines,  56  carriages,  and  315  wagons,  and  other  special 
vehicles  for  traffic  purposes  ;  and  the  number  of  miles  run  per 
engine  per  annum,  as  compared  with  those  of  other  Irish  lines 
(narrow-gauge),  is  evidence  of  the  amount  of  work  done.  The 
engines  are  divided  into  six  classes,  in  the  order  in  which  they 
were  introduced.  Figs.  2-7  (pages  607-8)  and  Plate  23  illustrate 
them  aU. 

Fig.  2  shows  the  original  type  of  engine  in  use  thirty-one  years 
ago,  one  of   which   is  still  doing  good  work  on  branch  lines  and 
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Figs.  2,  3  and  4. 

County  Dojiegal  Railways. 

Cylinders  13  inches  x  20  inches,  and  14  inches  x  20  inches. 
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Figs.  5,  6  and  7. 
County' Donegal  Railways. 
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is  also  useful  as  a  shunting  engine.  This  was  followed  (on  the 
opening  of  the  "Balfour"  lines  in  1893)  by  the  type  shown 
in  Fig.  3 ;  these  engines  have  done  good  service,  and  will  deal  with 
very  heavy  loads  and  are  capable  of  very  rapid  acceleration.  The 
water  and  coal  capacities  soon  proved  too  small,  frequent  delays 
being  due  to  this  cause,  and  in  Fig.  4,  which  followed,  ample 
provision  was  made  to  get  rid  of  this  trouble ;  at  the  same  time 
a  return  was  made  to  the  four-coupled  type  and  a  larger  wheel 
substituted.  This  latter  change  was  made  as  the  engines  were 
intended  for  fast  passenger  work  between  Stranoi'lar  and  Derry, 
after  the  line  was  extended  from  Strabane  to  the  last-mentioned 
city  in  1900.  The  loads  on  coupled  wheels  were  then  high  for  a 
narrow-gauge  line,  and  in  consequence  the  use  of  these  engines  was 
restricted  to  the  section  named,  as  on  the  Stranorlar  to  Donegal 
section  the  rails  were  only  45  lb.  per  yard,  as  compared  with 
60  and  65  lb.  on  the  other  section. 

As  the  goods  traffic  grew  a  more  powerful  type  of  engine  was 
found  necessary,  and  4-6-4,  Fig.  5,  was  introduced ;  this  engine 
has  a  Belpaire  fire-box,  largely  increased  heating  surface,  larger 
cylinders,  and  a  smaller  coupled  wheels.  These  engines  are  capable 
of  taking  heavy  loads,  but  have  never  been  good  steamers,  and  were 
extravagant  in  coal.  They  were  also  restricted  to  the  section 
above  named,  but  after  replacing  the  45  lb.  rails  with  60  lb. 
B.S.S.  rails  in  1907,  all  restrictions  wei-e  removed. 

The  type  shown  in  Fig.  4  having  proved  itself  the  most  useful  and 
economical  engine,  this  was  taken  as  the  model  for  the  design  shown 
in  Fig.  6.  The  same  boiler  was  used,  the  cylinders  were  lengthened 
1  inch,  the  boiler-pressure  increased  to  175  lb.  per  square  inch,  an 
extra  pair  of  coupled  wheels  added  and  a  radial  truck  substituted  for 
the  bogie  in  front.  The  result  came  up  to  aU  expectations,  as  this 
engine  proved  itself  eminently  capable  of  doing  the  same  work 
as  Fig.  5,  at  rather  better  speeds,  and  at  greatly  reduced  expense. 
They  do  the  same  work  on  an  average  of  6  lb.  of  coal  per  mile  less 
than  Fig.  5 ;  for  the  first  year  it  was  10  lb.  per  mile  less. 

The  necessity  for  dispensing  with  the  watering  of  engines  on 
the  longer  runs    required   a   greater   tank  capacity,  and  this  was 
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Fig.  8. — County  Donegal  Railways. 

Front  End  2-6-4 

Tank  Locomotive  fitted  with 

Schmidt ,  Superheater. 
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provided  for  in  the  class  shown  in  Fig.  7.  It  was  originally 
intended  to  provide  2,000-gallon  tanks,  but  on  the  suggestion  of  the 
builders,  that  by  using  Schmidt's  superheater  the  capacity  could  be 
reduced  to  1,500  gallons  without  interfering  with  the  working  radius 
of  the  engine,  this  proposal  was  adopted.  The  conditions  of  service 
on  these  lines  are  scarcely  ideal  for  a  superheater  engine  of  this 
type,  owing  to  the  frequent  stops  and  the  necessity  of  shutting  off 
steam  so  often  on  down  grades.  The  engines  have  only  just  been 
put   into   work,    so   that  it  is  not  yet  possible  to  judge  of   their 


Figs.  9  and  10. — County  Donegal  Raihoays. 
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performance,  but  by  the  time  this  Paper  is  read  the  author  may 
be  in  a  position  to  give  some  particulars  of  their  work.  These 
engines  are  interesting  in  that  they  are  the  first  narrow-gauge 
engines  in  the  British  Isles  to  be  fitted  with  a  superheater.  They 
were  originally  intended  to  be  duplicates  of  Fig.  6,  excepting  in 
tank  capacity,  but  the  adoption  of  the  superheater,  the  larger 
cylinders,  and  the  use  of  piston-valves,  modified  the  type 
considerably,  and  they  were  classed  as  Fig.  7.  The  cylinder  and 
valve  lubrication  is  effected  by  Wakefield's  mechanical  lubricator ; 
an  automatic  damper  control  cylinder  is  fitted,  also  Boyer  speed- 
indicator  and  recorder ;  forced  lubrication  for  all  axle-journals  and 
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Ijogie-centres,  smoke-box  ash- ejector,  variable  blast-pipe,  also  sundry 
minor  improvements  introduced  to  save  labour  and  oils.  Fig.  8 
(page  610)  shows  the  general  arrangement  of  the  front  end  of 
this  engine. 

The  carriages  of  the  Donegal  lines  are  very  similar  to  those  of 
the  4-foot  8^-inch   gauge,  and  are  quite  as  commodious  as  those 

Figs.  11  and  12. — County  Donegal  Railways. 
COMBINED    COVERED    GOODS   AND   CATTLE    WAGON. 


OPEN    HIGH    SIDED    WAGON. 


0 

LiliL.. 


of  any  broad-gauge  line.  Fig.  9  and  Plate  24  illustrate  the  standard 
six-compartment  bogie-coach,  and  Fig.  10  a  composite  brake- 
van.  The  lavatory  composites  are  fitted  with  Kghts  at  end,  in 
order  to  aflford  a  better  view  of  the  surrounding  country;  these 
are  the  only  lavatory  coaches  in  use  on  any  Irish  narrow-gauge 
railway.  In  the  original  six-wheel  coaches,  the  extreme  pairs  of 
wheels  have  a  lateral  motion;  these  carriages  are  exceedingly 
comfortable  in  running,  and  go  to  show  that  a  four-wheeled  bogie 
is  not  a  necessity  even  for  sharp  curves.     The  corridor  observation 
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cars  were  introduced  some  years  ago  in  order  to  afford  tourists  a 
larger  and  uninterrupted  view  of  the  scenery.     The  Donegal  lines 

Figs.  15,  16  and  11  .—Landonderry  and  Lough  Sioilly  Railway. 
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were  evidently  pioneers  in  this  respect,  for,  according^^to  the  Press, 
the  London  and  North  Western  Kailway  only  introduced  them 
last  year. 
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On  Figs.  11  and  12  (page  612)  are  shown  the  latest  types  of 
combined  covered  goods  and  cattle  and  open  goods  wagons 
respectively.  All  the  vehicles  of  the  Irish  narrow-gauge  lines  are 
equal  to,  if  not  larger  in  capacity,  than  those  of  similar  type  on 
any  broad-gauge  line. 

Figs.  18  and  19. — Londonderry  and  Lougli  Sioilly  Railway. 

170LB.PERn", 


Londonderry  and  Lough  Swilly  Railway. — On  Figs.  15  to  19 
and  Figs.  21  to  23,  Plate  25,  are  illustrated  the  various  types 
of  engine  in  use  on  this  railway  ;  Fig.  15  is  practically  a 
duplicate  of  Fig.  3  on  the  Donegal  line.  Fig.  16  is  a  similar 
but  more  powerful  engine,  and  Fig.  17  is  a  still  heavier  engine 
of  the  same  type.  Fig.  18  shows  a  radical  departure  from  the 
earlier  types,  being  a  tender-engine,  of  which  there  are  only  two 
in  use  on  Irish  narrow-gauge  lines.  They  possess  great  ti-active 
power  and  are  capable  of  very  good  work.     Fig.  19  shows  a  new 
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type  of  narrow-gauge  locomotive,  being  a  very  powerful  engine, 
and  having  a  large  tank  capacity ;  it  is  now  under  construction, 
and   consequently   the   author    cannot  give  any  particulars  of  its 

Fig.  20. — Londonderry  and  Lough  Swilly  Bailwaij. 


performance.  A  wagon  of  the  Londonderry  and  Lough  Swilly 
Company  is  illustrated  in  Fig.  20,  and  is  similar  to  those  in  use  on 
the  County  Donegal  lines,  but  is  lower,  the   buiSer   height  being 


Pigs.  24  and  25.— Ballycastle  Railway. 
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only  2   feet    7^   inches,  as  compared  with    2  feet    10^    inches    on 
the  latter.     This  line  possesses  a  type  of   covered   goods   wagon 


Figs.  26  and  27 .—Ballycastle  Railway. 
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Fig.  30. — Cork,  Blackrock  and  Passage  Railway. 


Fig.  32. — Cork,  Blackrock  andPassage  Railway. 


which  is  larger  than  that  on   any   other  narrow-gauge  line,  and 
has  a  carrying  capacity  of  19  tons. 
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Ballycastle  Bailwai/. — Figs.  24  and  25  (page  615)  and  Figs.  28 
and  29,  Plate  25,  show  the  type  of  engine  in  use  on  this  railway.  It 
is  the  only  line  possessing  a  "saddle-tank."  Fig.  25  shows  an 
engine  possessing  about  the  same  percentage  of  adhesive  weight 
to  total  weight  as  Fig.  4  of  the  Donegal  line,  and  which  would  be 
more  efficient  if  another  pair  of  coupled  wheels  were  added. 
A  carriage  and  wagon  of  the  Ballycastle  line  are  shown  on 
Figs.  26  and  27.  An  eight-compartment  carriage,  accommodating 
eighty  passengers,  is  unusual  and  confined  to  this  line. 

Pig.  33. 
West  Clare  Baihoay. 


Cork,  BlackrocJi  and  Passage  Bailicay. — In  Fig.  30  and  Fig.  31, 
Plate  25,  are  shown  the  only  type  of  engine  possessed  by  this  line. 
It  is  an  exceedingly  handy  machine,  and  evidently  very  efficient. 
It  is  the  only  2-4—2  type  in  Ireland,  excepting  the  Ballymena  and 
Lame  Railway,  and  has  the  largest  coupled  wheel  of  any  narrow- 
gauge  line  in  the  Kingdom.  Fig.  32  indicates  the  type  of  wagon 
in  use  ;  they  differ  from  other  narrow-gauge  lines  in  having  no 
side  chains,  but  have  the  ordinary  screw-coupling  of  the  broad- 
gauge  placed  below  the  centre  buffer  and  coupling. 


West  and  South  Clare  Mailways. — Their  latest  type  of  engine  is 
shown  on  Fig.  33  and  Figs.  34  and  35,  Plate  25.  This  is  a  powerful 
and  very  efficient  machine, 

2   Y 
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ScJiull  and  Skibbereen  Baihcay. — A  type  of  engine  is  shown  in 
Fig.  36,  Plate  25. 

Midland  Baihmy  {N.C.C.):  Ballymena  and  Lame  Section. — 
Figs.  37,  38,  and  39,  and  Fig.  40,  Plate  25,  iUustrate  the  type  of 
engine  and  other  vehicles  used    by  this   line.      The  latter  engine 


Fig.  37. 
Midland  Raihvay  (N.C.C.).    Ballymena  and  Lame  Section. 
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is  interesting  as  being  the  only  narrow-gauge  "compound"  in 
Ireland,  and  is  very  efl&cient  and  economical;  the  carriages  and 
wagons  are  smaller  than,  and  diflfer  from,  most  of  those  in  use  on 
other  similar  lines. 

Figs.  38  and  39. 
Midland  Railway  {N.C.C.).    Ballymena  and  Lame  Railway. 


Cavan  and  Leitrim  Railway. — Figs.  41  and  42,  and  Figs.  45  and 
46,  Plate  26,  show  the  class  of  locomotive  in  use  on  this  railway. 
They  have  exceptionally  large  fire-boxes,  in  order  to  burn  Irish  coal 
(Arigna),  which  is  of  very  poor  quality.     The  grates  are  fitted  with 
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Figs.  41  and  42. — Cavan  and  Leitrim  Railway. 

Z| 


Fig.  43. — Cavan  and  Leitrim' Railway.^- 
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Fig.  44. — Cavan  and  Leitrim  Railway. 
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drop  bars  at  front  end.  These  engines  work  partially  on  a  tram- 
line, and  generally  bunker  fii'st ;  some  of  them  are  fitted  so  as  to  be 
operative  from  either  end.  The  "  cow-catcher  "  gives  them  a  foreign 
appearance.  The  Ciirriages  and  wagons  are  shown  on  Figs.  43  and 
44,  and  Figs.  47  and  48,  Plate  26.    These  vehicles  difier  considerably 


Figs.  49  and  50. — ClogJier  Valley  Railway. 
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from  those  of  the   other  narrow-gauge  lines;  they  are  very  low, 
and  the  wagon  stock  is  exceedingly  wide. 


Clogher  Valley  Bailway.— Figs.  49  and  50  illustrate  the  engines 
of  this  line,  which  are  of  a  type  peculiar  to  this  Company,  and  are 
relatively  small.     They  generally  work  bunker  first,  like  the  Cavan 
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and  Leitrim  line,  iind  are  fitted  with  enormous  head-lights 
illuminated  by  acetylene  gas.  Fig.  51  shows  the  type  of  corridor 
carriage  in  use ;  and  Fig.  52  illustrates  the  brake  van. 

Figs.  51  and  52. — Clogher  Valley  Railway. 


Gastlederg  and  Victoria  bridge  Tramway. — The  small  engine  in 
use  on  this  line  is  shown  in  Fig.  53.  It  does  not  call  for  special 
remark,  except  that  the  motion  work  is  entirely  enclosed.  A 
passenger  coach  and  wagon  are  shown  on  Figs.  54  and  55,  Plate  26. 


Fig.  53. — Gastlederg  and  Victoria  Bridge  Tramtvay. 


Listowel  and  Ballyhunion  JRailway. — This  line  can  hardly  compare 
with  any  gauge  of  railway,  as,  being  nominally  a  mono-rail,  it  has 
no  gauge.  It  is  interesting  as  a  novelty  in  construction,  and 
certainly  it  was  inexpensive  to  build,  having  cost  only  £3,000  per 
mile,  including  land  and  rolling-stock.  Each  locomotive  has  three 
coupled  wheels,  2  feet  in  diameter,  and  four  guide- wheels,  10  inches 
in  diameter.  The  two  pairs  of  carrying  wheels  of  the  passenger 
vehicle  are  usually  19  inches  in  diameter,  and  two  guide- wheels  are 
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placed  on  each  side.  The  carriages  are  7  feet  high,  8  feet  6  inches 
wide,  and  18  feet  long,  and  seat  twelve  passengers  on  each  side. 
The  usual  maximum  speed  is  18  miles  an  hour;  and  they  are  said 
to  be  able  to  reach  30  miles.  The  locomotives  pull  240  tons  on  the 
level,  or  40  tons  up  1  in  50.  The  curious  construction  of  this 
line  is  shown  by  the  photograph,  Fig.  56,  Plate  26.  The  line  is 
constructed  on  what  is  known  as  the  "  Lartigue  "  system. 

Two  Tables  are  appended,  Table  1  (pages  624-7)  giving  the 
principal  dimensions  of  the  various  types  of  engine  in  use  on  the 
principal  narrow-gauge  lines  in  Ireland,  with  other  information  of 
interest.  For  comparison.  Table  2  (pages  628-30)  gives  the  working 
costs  of  some  of  the  more  important  of  the  lines,  as  far  as  the 
locomotives,  carriages  and  wagons  are  concerned,  for  the  year  1911. 

The  author  has  to  acknowledge,  with  thanks,  the  kind  assistance 
rendered  by  the  locomotive  engineers  of  the  following  railways : — 
The  Londonderry  and  Lough  Swilly ;  Ballycastle ;  Cork,  Blackrock 
and  Passage  ;  Ballymena  and  Larne  ;  Cavan  and  Leitrim  ;  Clogher 
Valley ;  West  Clare  ;  and  Castlederg  and  Victoria  Bridge.  Also 
the  following  firms : — The  North  British  Locomotive  Co. ;  Messrs. 
Nasmyth,  Wilson  and  Co. ;  The  Metropolitan  Amalgamated  Carriage 
and  Wagon  Co. ;  Messrs.  Hurst,  Nelson  and  Co. ;  and  Messrs.  E.  Y. 
Pickering  and  Co.,  for  drawings  and  photographs.  Also  Messrs. 
Lawrence,  of  Dublin,  for  photos  of  the  Listowel  and  Ballybunion 
system,  and  Mr.  McCarthy,  General  Manager,  for  the  other 
particulars  of  this  interesting  line. 

The  Paper  is  illustrated  by  Plates  23  to  26  and  37  Figs,  in  the 
letterpress. 
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TABLE  1  {continued  on  opposite  page).                                                               i 

Locomotives  on  Narroic- Gauge  Bailways  in  Ireland. 

Table  of  Comparative  Dimensions. 

— 

— 

County  Donegal  Railways  Joint  Committee. 
Figs.  2  to  7  (pages  607-8). 

Class  1. 

Class  2. 

Class  3. 

Class  4. 

Class  5. 

Class  5a. 

1 

Wheel  arrangement 

2—4—0 

4—6—0 

4—4-4 

4—6—4   2—6—4 

2-6—4 

2 

Diameter  of  cylinders 

.  in. 

13 

14 

14 

15 

14 

15| 

3 

Stroke  of  cylinders 

.  in. 

20 

20 

20 

21 

21 

21 

4 
5 

Working  pressure        lb.  per 
Heating  surface,  tubes     . 

sq.  in. 
sq.  ft. 

120 
510 

150 
547 

150 
637 

160 
643 

175 
637 

160 
646 

6 

,,              ,,        fire-box 

sq.  ft. 

45 

57 

76 

80 

76 

78 

7 

,,              „        total     . 

sq.  ft. 

555 

604 

713 

723 

713 

724 

8 

Grate  area        .... 

sq.  ft. 

9-75 

9-75 

11-5 

12 

11-5 

11-5 

9 

Capacity  of  tanks  . 

gals. 

500 

650 

1,000 

1,000 

1,000 

1,600 

10 

„           ,,  bunkers   . 

tons 

1 

1 

^ 

If 

^ 

2^ 

11 

Weight  on  front  bogie      .        t.  c.  q. 

4  0  0 

6    9  3 

7    8  0 

8  15  0 

6  15  0 

8    2  1 

12 
13 

„        ,,  leading  coupled  wheels,  i 
t.  c.  q./ 

„        „  driving  coupled  wheels.  1 
t.  c.  q./ 

,,         ,,  trailing  coupled  wheels .  1 
t.  c.  q./ 

,,         ,,  rear  bogie       .        t.  c.  q. 

8  0  0 
8  0  0 

6  17  2 
8  11  1 

10  13  0 

8  12  0 
8  16  0 

8  15  0 

9  0  0 

10    2  1 
10    6  0 

1 

14 

— 

8  14  1 

10    3  2 

8  12  0 

8  15  0 

10    4  0 

15 





10    6  0 

9  15  0 

10    5  0 

11  14  0 

16 

Total  weight  in  working  order  .      .  "i 

t.  c.  q,/ 

,,          ,,       on  coupled  wheels      .  \ 

t.  c.  q./ 

Tractive    force    per    lb.    of    mean\ 

pressure  in  cylinders    .      .      .  lb.  f 

Tractive   force   at   75  per  cent,  ofi 

boiler  pressui'e lb./ 

20  0  0 

30  12  3 

38  10  3 

44  10  0 

43  10  0 

50    8  2 

17 

16  0  0 

24    3  0 

20  16  3 

26    0  0 

27  10  0 

30  12  1 

18 
19 

80-4 
7,236 

93-3 
10,496 

81-7 
9,191 

105 
12,600 

85-75 
11,233 

105-10  i 
12,612 

20 

Adhesion  at  500  lb.  per  ton  .      .  lb. 

8,000 

12,075 

10,418 

13,000 

13,750 

15,306 

21 

Eatio  of  adhesive  to  total  weight   .  \ 
per  cent./ 

80 

78-8 

54 

58-4 

63-2 

61  ■ 

22 

Diameter  of  coupled  wheels    ft.  in. 

3    6 

3    6 

4     0 

3    9 

4    0 

4    0 

23 

Rigid  wheel-base  .      .      .      .ft.  in. 

6    0 

9    0 

6    0 

9    0 

10    0 

10    0 

24 

Total      „        „      .      .      .      .  ft.  in. 

11     6 

16    7f 

26     IJ 

25     2 

26    3 

27    3   * 

25 

Radius   of    sharpest   curve   engine  i 
will  negotiate ft./ 

264 

300 

350 

350 

350 

350 

26 

Steepest  gradient  over  which  engine! 

works J 

Load  taken  on  same  .      .      .     tons 

1  in  40 

lin40 

lin40 

lin40 

1  in  40 

lin40 

27 

80 

100 

90 

130 

140 

170 

28 

Weight  of  rail  used     .       lb.  per  yd. 

50&60 

50&60 

50&60 

50&60 

50&60 

50&60 

29 

Type  of  brake  in  use > 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 
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{continued  on  next  page)  TABLE  1 , 
Locomotives  on  Narrow-Gauge  Railways  in  Ireland. 
Table  of  Comjparative  Dimensions. 


Londonderry  and  Lough  Swilly  Railway. 

Ballycastle  Railway. 
Figs.  24  and  25 

Figs.  15  to  19  (pag 

es  618-4). 

(page 

615). 

Tender 

Saddle- 

Engine. 

Tank. 

4—6—0 

4—6—2 

4—6—2 

4—8—0 

4—8—4 

0-6-0 

4     4     2 

1 

14 

15 

14i 

15^ 

16 

13 

14J 

2 

20 

22 

22 

22 

20 

19 

21 

3 

150 

150 

175 

170 

180 

150 

165 

4 

565 

700-75 

728 

889 

871-3 

531 

769 

5 

63 

76-5 

75 

115-9 

132-2 

51 

83 

6 

628 

777-25 

903 

1004-9 

1003-5 

582 

852 

7 

9-5 

12-5 

11-5 

15 

17 

7 

12 

8 

750 

850 

1,300 

1,500 

1,500 

450 

800 

9 

H 

li 

If 

5 

2^ 

1 

If 

10 

6  0  0 

10  15  0 

9    4  0 

10  12  0 

8  0  0 

— 

10    3  0 

11 

8  0  0 

8    0  0 

8    6  0 

(       — 

-      ) 

9  0  0 

10  13  0 

12 

8  0  0 

8    0  0 

8    7  0 

26     8  0 

34  0  0 

8  0  0 

10  15  0 

13 

8  0  0 

8     0  0 

8    7  0 

—  ' 

7  0  0 

— 

14 

— 

5  15  0 

7     7  0 

— 

9  0  0 

— 

7  10  0 

15 

30  0  0 

40  10  0 

41  11  0 

58    0  0 

51  0  0 

.    24  0  0 

39    1  0 

16 

24  0  0 

24    0  0 

25    0  0 

26    8  0 

34  0  0 

24  0  0 

21     8  0 

17 

93-3 

110 

102-78 

117-45 

113-77 

82-33 

99-13 

18 

10,496 

12,375 

13,489 

14,974 

15,358 

9,262 

12,267 

19 

12,000 

12,000 

12,500 

13,200 

17,000 

12,000 

10,700 

20 

80 

59-2 

60-1 

45 

66-6 

100 

54 

21 

3     6 

3     9 

3    9 

3    9 

3     9 

3     3 

3    7 

22 

9    6 

9    0 

9    0 

13    6 

13    6 

11     9 

6    6 

23 

17  ^ 

22     4f 

23    6 

40    5 

31     0 

11     9 

22     5 

24 

300 

300 

400 

400 

400 

260 

330 

25 

lin50 

lin50 

linSO 

lin50 

lin50 

lin48 

lin48 

26 

120 

130 

130 

150 

150 

128 

181 

27 

50 

50 

50 

38-50 

50 

45 

45 
j  Vacuum  1 

28 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Steam 

I       and       > 
I    Steam    ) 

29 
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TABLE  1  {continued  from  previous  page). 

Locomotives  on  Narrow-Gauge  Bailways  in  Ireland. 
Table  of  Comparative  Dimensions, 


Cork,  Blackrock 

West  Clare 

Ballymena  and 

— 

— 

and  Passage. 

Railway. 

Lame.    N.  C.  C. 

Fig.  30. 

Fig.  33. 

Fig.  37. 

1 

Wheel  arrangement 

2—4—2 

2—6—2 

2—4^2 

2 

Diameter  of  cylinders      .      .      .in. 

1# 

15 

14|  and  21 

3 

Stroke  of  cylinders     .      .      .      .in. 

22 

20 

20 

4 

Working  pressure         lb.  per  sq.  in. 

160 

150 

175 

5 

Heating  surface,  tubes    .      .  sq.  ft. 

721 

666-57 

614-83 

6 

,,               ,,        fire-box       .  sq.  ft. 

80 

77 

63 

7 

,,               ,,        total      .      .  sq.  ft. 

801 

743-57 

677-83 

8 

Grate  area sq.  ft. 

12 

11-18 

11-29 

9 

Capacity  of  tanks        .      .      .     gals. 

1,000 

900 

570 

10 

„           ,,  bunkers   .      .      .      tons 

^ 

li 

1 

11 

Weight  on  front  bogie     .       t.  c.  q. 

8      3    0 

4      7     3 

5      8     1 

12 

,,        „  leading  coupled  wheels,  i 
t.  c.  q. ) 

,,        ,,  driving  coupled  wheels.  \ 
t.  c.  q.  ( 

„        ,,  trailing  coupled  wheels .  "1 
t.  c.  q./ 

— 

8      6    0 

10      0    0 

13 

11     11     0 

9      7    0 

10      0    0 

14 

10      6    0 

9      12 

— 

15 

,,         ,,  rear  bogie       .       t.  c.  q. 

7      3    0 

5      8    0 

6      9     1 

16 

Total  weight  in  working  order  .      .  I 
t.  c.  q.j 

37      3    0 

36    10     1 

31     17     2 

17 

„         ,,       on  coupled  wheels      A 
t.  c.  q.j 

21     17    0 

27     14    2 

20      0    0 

18 

Tractive    force    per    lb.    of    meanl 
pressure  in  cylinders    .      .      .  lb.  j 

85-65 

107-14 

105-94 

19 

Tractive   force  at   75   per  cent,  of  j 
boiler  pressure Ib.j 

10,278 

12,053 

13,904 

20 

Adhesion  at  500  lb.  per  ton  .      .  lb. 

10,925 

13,862 

10,000 

21 

Ratio  of  adhesive  to  total  weight    .  \ 
per  cent./ 

58 

75-8 

62-7 

22 

Diameter  of  coupled  wheels    ft.  in. 

4    6 

3    6 

3    9 

23 

Rigid  wheel-base  .      .      .      .ft.  in. 

8    0 

9    3 

6    3 

24 

Total       „         „      .      .      .      .   ft.  in. 

21     0 

18    0 

20    3 

25 

Radius   of    sharpest  curve  engine)^ 
will  negotiate ft./ 

660 

990 

330 

26 

Steepest  gradient  over  which  engine  | 
works / 

1  in  64 

lin60 

lin33 

27 

Load  taken  on  same  .      .      .     tons 

150 

150 

100 

28 

Weight  of  rail  used     .      lb.  per  yd. 

62 

— 

50&65 

29 

Type  of  brake  in  use 

Vacuum 

(       Smith's      ■» 
\      Vacuum      / 

Vacuum 
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{concluded  from  opposite  page)  TABLE  1. 
Locomotives  on  Narroiv-Gauge  Railways  in  Ireland. 
Table  of  Comparative  Dimensions. 


Cavan  anr)  TioitrhTi. 

Castlederg  i 

md  Victoria 

Clogher  Valley 

Bridge  Tramway. 

Railway. 

— 

Fig.  41. 

Fig.  42. 

— 

Fig.  53. 

Fig.  49. 

Fig.  50. 

4     4    0 

0—6—4 

0—4—0 

2—6—0 

0—4—2 

0—4—4 

1 

14 

15 

12 

m 

131 

14 

2 

20 

20 

15 

18 

18 

20 

3 

150 

150 

150 

160 

140 

160 

4 

466 

680-75 

235-8 

542-4 

466 

548 

5 

67-5 

68-75 

33-5 

54 

48 

57 

6 

533-5 

749-5 

269-3 

596-4 

514 

605 

7 

11-5 

14 

7-3 

9-25 

10 

12-25 

8 

600 

700 

450 

600 

600 

700 

9 

1 

1* 

i 

4: 

1 

H 

10 

8  10  0 

5  0  0 

— 

11 

— 

8    8  0 

9  0  0 

7  0  0 

8     10 

9    0  0 

12 

9    5  0 

8  11  0 

9  0  0 

7  0  0 

8    2  0 

9     2  0 

13 

9    5  0 

8  12  0 

7  0  0 

— 

— 

14 

— 

11     1  0 

— 

— 

7  13  0 

11  12  3 

15 

27    0  0 

36  12  0 

18  0  0 

26  0  0 

23  16  0 

29  14  3 

16 

18  10  0 

25  11  0 

18  0  0 

21  0  0 

16    3  0 

18    2  0 

17 

93-33 

115-38 

65-44 

88-66 

91-12 

98 

18 

10,499 

12,980 

7,362 

10,639 

9,567 

11,760 

19 

9,250 

12,775 

9,000 

10,500 

8,075 

9,050 

20 

68-5 

69-9 

100 

80-7 

67-3 

60-8 

21 

3    6 

3     3 

2    9 

3     1 

3    0 

3    4 

22 

6    0 

7     5 

6    6 

7    0 

4     9 

5     3 

23 

19    3 

18    3 

6    6 

11     2 

10     2 

14    6 

24 

240 

240 

120 

120 

110 

110 

25 

lin30 

lin30 

1  in  30 

lin30 

lin30 

lin30 

26 

80 

110 

50 

74 

70 

90 

27 

45 

45 

30 

30 

45 

45 

28 

(  Westing- 
\     house 

Westing- 
house 

Westing- 
house 

Westing-  "> 
house     / 

Vacuum 

Vacuum 

29 

628 


IRISH    XARROW-GAUGE    RAILWAY    ROLLIXG-STOCK. 


JuLr  1912. 


TABLE  2  (^continued  on  opposite  page). 

Irish  Narroic- Gauge  EoUing-Stock.     Table  of  Working  Costs  for  1911. 


— 

Item. 

A 

B 

C 

Locomotives. 

1 

Running  wages  per  engine-mile  . 

d. 

1-80 

1-28 

1-56 

2 

,,              ,,        ,,   train-mile 

2-17 

1-48 

1-74 

3 

Coal,  cost  per  engine-mile   . 

3-69 

4-24 

3-07 

4 

„         „       ,,  train-mile 

4-45 

4-48 

3-43 

5 

Water,  cost  per  engine-mile 

0-15 

0-09 

— 

6 

,,          „      ,,    train-mile  . 

0-18 

0-11 

— 

7 

Stores,  cost  per  engine-mile 

0-24 

0-27 

0-38 

8 

,,          ,,      ,,    train-mile   . 

0-30 

0-31 

0-42 

9 

Total  rmming  costs  per  engine-mile 

5-90 

5-88 

5-01 

10 

„           ,,           ,,      ,,    train-mile 

7-10 

6-78 

5-59 

11 

Repairs,  costs  per  engine-mile 

1-39 

1-73 

2-34 

12 

,,             ,,       ,,    train-mile 

1-69 

1-98 

2-61 

13 

Superintendence,  costs  per  engine-mile 

0-13 

0-18 

0-29 

14 

,,                   ,,       „    train-mile  . 

0-16 

0-20 

0-32 

15 

Total  locomotive  costs  per  engine-mile 

7-42 

7-79 

7-64 

16 

„              „              „       ,,    train-mile  . 

8-95 

8-96 

8-53 

17 

Cost  of  repairs  per  engine  per  annum   £  s 

d. 

122     7    9 

154    0    8 

123    2  11 

18 

Engine-miles  run  per  engine  per  annum 

21.046 

21,466 

12,609 

19 

Train-miles        ,,      ,,         ,,         ,,         ,, 

17,565 

18,616 

11,302 

20 

Average  miles  run  per  engine  between  repairs 

69,190 

30,000 

21,000 

21 

Coal  burnt  per  engine-mile 

lb. 

36 

44-4 

32-86 

22 

,,         „         ,,   train-mile    . 

,, 

43-5 

51-19 

36-65 

23 

Nimaber  per  mile  of  line 

Carriages. 

0-16 

0-17 

0-24 

24 

Costs  of  repairs  per  train-mile 

d. 

0-70 

0-78 

0-94 

25 

,,     ,,        ,,        „    carriage  per  annum  £s 

.d. 

14     5     5 

17    6    4 

12     3     4 

26 

Number  per  mile  of  line 
Wagons. 

0-44 

0-54 

0-92 

27 

Cost  of  repairs  per  train-mile 

d. 

0-61 

0-36 

0-76 

28 

„     ,,        ,,         ,,   wagon  per  annum   £  s 

d. 

2     4     2 

15    9 

2    8    9 

29 

Number  per  mile  of  line 

2-5 

2-8 

3-63 
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(continued  on  next  page)  TABLE  2. 
Irish  Narrow-Gauge  Boiling-Stock.     Table  of  Woj-Jcing  Costs  for  1911. 


D 

E 

r 

G 

H 

J 

— 

1-34 

2-15 

1-90 

2-26 

1-80 

1 

1-80 

2-18 

2-36 

2-42 

1-98 

1-23 

2 

2-47 

4-07 

2-63 

3-71 

2-94 

— 

3 

3-33 

4-11 

3-25 

3-97 

3-21 

4-07 

4 

0-10 

0-08 

0-09 

0-13 

0-09 

— 

5 

0-13 

0-09 

0-11 

0-14 

0-10 

— 

6 

0-18 

0-32 

0-28 

0-23 

0-23 

— 

7 

0-25 

0-33 

0-34 

0-25 

0-26 

0-44 

8 

4-09 

6-62 

4-90 

6-32 

5-06 

— 

9 

5-51 

6-71 

6-06 

6-78 

5-55 

5-74 

10 

0-81 

1-86 

1-26 

2-57 

1-96 

— 

11 

1-10 

1-89 

1-56 

2-75 

2-15 

2-74 

12 

0-17 

0-34 

0-13 

0-28 

0-32 

— 

13 

0-23 

0-35 

0-15 

0-30 

0-35 

— 

14 

5-07 

8-82 

6-29 

9-30 

7-34 

— 

15 

6-84 

8-95 

7-77 

9-97 

8-05 

8-48 

16 

116  1  5 

106  19  4 

110  19  1 

128  9  0 

122  4  4 

81  15  2 

17 

34,485 

14,843 

22,942 

11,980 

14,994 

— 

18 

25,560 

14,660 

18,530 

11,187 

13,672 

7,135 

19 

97,000 

— 

41,185 

41,905 

50,000 

18,500 

20 

23-53 

33-12 

29-41 

38 

21-67 

— 

21 

31-71 

33-46 

36-58 

40-69 

23-77 

24 

22 

0-25 

0-20 

0-22 

0-18 

0-18 

0-41 

23 

0-94 

1-14 

0-72 

0-64 

0-65 

1-46 

24 

12  6  10 

20  14  2 

18  11  5 

11  12  1 

14  8  10 

3  14  0 

25 

1-75 

0-67 

0-68 

0-49 

0-54 

0-96 

26 

0-23 

1-03 

1-88 

2-03 

0-86 

1-46 

27 

3  3  2 

4  13  2 

2  12  4 

5  11  8 

3  3  3 

3  14  6 

28 

1-75 

2-62 

12-68 

2-94 

2-89 

3-72 

29 
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TABLE  2  {concluded  from  jm'je  Q28). 

Irish  Narrow-Gauge  Bolling-Stoch.     Table  of  Working  Costs  for  1911. 


Item. 


Locomotives. 


d. 


Running  wages  per  engine-mile 

,,  „        ,,    train-mile 

Coal,  cost  per  engine-mile    . 

„        „      ,,    train-mile 

Water,  cost  per  engine-mile 

„         ,,      ,,    train-mile   . 

Stores,  cost  per  engine-mile 

,,         „      „    train-mile  . 

Total  running  costs  per  engine-mile 

,,  ,,  ,,      ,,    train-mile 

Repairs,  costs  per  engine-mile 

,,  ,,       „   train-mile 

Superintendence,  costs  per  engine-mile 

,,  ,,        ,,    train-mile 

Total  locomotive  costs  per  engine-mile 

,,  ,,  ,:        ,,   train-mile 

Cost  of  repairs  per  engine  per  annum  £  s.  d 
Engine-miles  run  per  engine  per  annum 
Train-miles  ,,  ,,  ,,  ,,  ,, 
Average  miles  run  per  engine  between  repairs 
Coal  burnt  per  engine-mile  .         .      lb 

,,         ,,        ,,    train-mile    .  .  .        „ 

Number  per  mile  of  line 


Carriages. 

Costs  of  repairs  per  train-mile      .         .       d. 

„      „       „        „  carriage  per  annum  £  s.  d. 

Number  per  mile  of  line      .... 


Wagons. 

Cost  of  repairs  per  train-mile         .         .       d. 

,,     ,,        ,,        ,,   wagon  per  annum     £  s.  d. 

Number  per  mile  of  line      .... 


2-02 


3-64 


0-05 


0-37 

6-08 

0-91 

0-14 

7-12 
47     5     S 

12,127 


0-33 


1-12 

12  13    0 

1-50 


0-64 

3  16    0 

3-16 


2-95 


4-39 


0-07 

0-37 

7-78 

3-93 

0-40 

12-11 
152    5 

9,284 


0-21 


1-08 

16  15 

0-53 


1-10 
4    7    5 
2-08 


Average  of  I   Average  of 
Narrow-    Irish  Broad- 
Gauge  Gauge 

Lines.  Lines. 


1-76 

2-03 

3-35 

3-84 

0-10 

0-10 

0-26 

0-33 

5-47 

6-83 

1-74 

2-11 

0-23 

0-26 

7-45 

8-70 
115  0  10 
19,298 
14,512 
46,097 
32-32 
35-67 

0-23 


0-92 

14  0  11 

0-77 


0-99 
3  7  3 
3-60 


2-62 
4-33 

0-55 
7-58 
2-54 
0-15 
10-29 

10,763 
0-32 


5-23 

16  19  7 

1-25 


3-53 

2  16  7 

6-78 
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Discussion. 
On  the  motion  of  the  President,  a  hearty  vote  of  thanks  was 
accorded  to  the  author  for  his  interesting  and  instructive  Paper. 

Mr.  James  E.  Darbishire,  in  opening  the  discussion,  said  he 
had  listened  to  the  Paper  dealing  with  the  narrow-gauge  railways 
of  Ireland  with  very  great  pleasure,  because  he  was  concerned  at 
the  very  beginning  with  the  introduction  of  the  narrow-gauge 
system  into  the  country.  He  looked  upon  himself  as  godfather  to 
the  locomotive  "Alice  "  shown  in  Fig.  1.3,  Plate  23.  This  was  one 
of  three  engines  originally  built  for  the  West  Donegal  Railway, 
which  was  now  part  of  the  County  Donegal  Railways.  They  were 
called  after  three  young  ladies ;  they  all  turned  out  to  be  very 
useful  engines,  and  from  the  Paper  he  learnt  that  one  of  them  was 
still  in  service. 

When  the  narrow-gauge  railways  of  Ireland  were  first  mooted, 
there  was  a  great  deal  of  discussion  amongst  locomotive  engineers 
as  to  the  proper  system  of  locomotive  to  introduce  upon  them. 
He  thought  that  a  good  many  mistakes  were  made  at  the 
beginning,  but  nevertheless  some  very  useful  engines  were  put  upon 
the  Ballymena  and  Lame  Railway  of  the  type  originally  built  for 
the  Isle  of  Man  Railways  by  Beyer,  Peacock  and  Co.  Those  engines 
were  found  to  answer  very  well,  and  the  same  design  with 
modifications  was  subsequently  followed  out  on  the  further  railways 
that  were  made  in  Ireland.  Both  the  Ballymena  and  Larne 
Railway  and  the  Ballymena,  CushendaU  and  Red  Bay  Railway 
sufiered  at  first  from  the  fact  that  the  rails  were  too  light,  but  the 
road  had  been  very  much  strengthened.  When  the  West  Donegal 
line  was  commenced,  a  discussion  ensued  as  to  the  type  of  engine 
that  should  be  used,  and  the  little  engine  to  which  he  had  already 
referred,  "  Alice,"  in  Fig.  13,  w^as  designed  with  a  radial  axle-box 
in  front  and  four  wheels  coupled  and  a  wide  fii'e-box,  which  was  put 
into  frames  outside  the  wheels.  That  little  engine  did  very  weU 
indeed.     Later   on   his   firm    were    consulted  with   regrard   to   the 


632  IRISH    XARROW-GAUGE    RAILWAY    ROLLING-STOCK,         .Tli>y  1912. 

(Mr.  James  E.  Darbishire.) 

engines  for  the  Clogher  Valley  line.  He  did  not  know  whether  the 
original  Clogher  Valley  engine,  which  was  more  or  less  of  a  tramway 
engine,  was  shown  among  the  illustrations.  The  conditions  in  that 
cjise  were  quite  different  from  those  existing  in  the  other  lines. 
The  Clogher  Valley  Railway  ran  very  largely  along  the  high  road, 
and  it  was  not  so  much  of  a  railway  as  the  others. 

He  (Mr.  Darbishire)  came  over  to  Ireland  several  times  for  the 
purpose  of  considering  the  question  of  the  engines,  and  was  very 
much  interested  in  the  Irish  narrow-gauge  lines.  Subsequently  he 
went  out  to  South  America,  and  saw  a  great  deal  of  narrow-gauge 
railway  construction  in  the  hilly  countries  of  Brazil.  In  that  case 
the  lines  were  again  spoiled  by  building  them  too  cheaply.  £4,000 
per  mile  was  supposed  to  be  the  cost  of  the  line,  including  the 
rolling-stock.  He  did  not  mean  to  say  that  that  was  the  actual 
cost,  but  that  was  the  figure  that  was  talked  about.  The  Hnes  were 
laid  with  40-lb.  rails,  and  numerous  difficulties  were  experienced 
with  the  locomotives.  In  that  case  they  also  had  to  adopt  the 
principle  that  was  subsequently  put  in  force  in  Ireland  of 
substituting  stronger  rails. 

The  remark  made  by  the  author  on  page  599,  as  to  the 
principal  saving  in  the  construction  of  narrow-gauge  railways  over 
broad-gauge  lines  being  the  cost  of  the  land,  was  true  to  some 
extent,  but  that  was  not  altogether  so  in  Ireland,  because  a  good 
many  of  the  broad-gauge  hnes  were  altered  to  narrow-gauge  for 
convenience  of  working.  In  that  case  the  cost  of  the  land  was  not 
a  matter  for  consideration,  because  the  narrow-gauge  line  was  laid 
upon  the  broad-gauge  formation.  It  must  also  be  borne  in  mind 
that  the  gauge  of  the  ordinary  railways  in  IreLmd  was  exceptionally 
broad,  5  feet  3  inches  as  against  4  feet  8^  inches  in  England,  so 
that  the  comparison  between  the  broad  and  the  narrow-gauge  in 
Ireland  was  rather  more  favourable  to  the  narrow-gauge  than  it 
was  in  England. 

Mr.  John  A.  F.  Aspinall  (Past-President)  said  the  author 
made  the  following  remark  (page  599) :  "  No  railway  should  be  built 
of  narrow  gauge  if  the  cost  will  exceed  £5,000  per  mile."     He  did 
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not  think  that  any  narrow-gauge  railway  in  Ireland  had  been  made 
for  less  than  about  .£6,000  a  mile,  and  the  author  himself  gave 
particulars  of  one — w^hich  he  presumed  was  in  Ireland — which  cost 
£11,500  a  mile.  In  England  he  did  not  think  any  narrow-gauge 
railway  had  been  made  for  less  than  £8,000  a  mile,  largely  due  to 
the  fact  that  the  requirements  for  the  construction  of  narrow-gauge 
railways  were  exceedingly  onerous.  If  the  members  wished  to  see 
a  country  in  which  narrow-gauge  railways  were  constructed  with 
great  economy  and  with  small  capital  cost,  they  should  go  to 
Belgium.  In  that  country  there  were  something  like  2,500  miles 
of  narrow-gauge  railway  carefully  laid  out,  arranged  to  act  as 
feeders  to  the  main  lines.  They  ran  through  numerous  small 
villages,  and  were  so  constructed  that  there  were  no  fences,  no 
bridges,  and  no  signalling,  wdth  the  result  that  the  average  cost  of 
the  whole  of  the  narrow-gauge  railways  of  Belgium  had  worked 
out  at  about  £3,400  a  mile.  A  most  interesting  return  in 
connection  with  these  railways  had  been  published  by  the  Belgian 
Government,  which  showed  in  most  minute  detail  what  they  had 
cost  for  land,  for  rolling-stock,  for  building,  and  for  every  single 
item,  while  the  cost  of  the  operation  was  also  given.  Not  only  in 
England,  but  in  Ireland  also,  too  many  difficulties  had  been  put  in 
the  way  of  cheap  construction  by  the  requirements  of  the  Board  of 
Trade.  It  was  quite  true  that  the  Board  of  Trade  had  recently 
issued  a  new  Bill  in  connection  with  light  railways,  which  he 
presumed  might  be  passed  into  law,  but  it  was  a  timid  and  a  halting 
measure,  and  did  not  even  carry  out  the  suggestions  which  were 
made  quite  recently  by  their  senior  inspector,  Colonel  Yorke,  who 
reported  upon  the  subject  of  light  railways  with  the  object  of 
seeing  whether  it  was  necessary  to  have  some  amendments  made 
in  the  rules  which  regulated  the  Board  of  Trade  in  passing  such 
railways  before  they  were  used  by  the  public.  He  thought  that 
was  to  be  regi^etted,  because  in  England,  where  there  was  such  an 
immense  number  of  manufactures  both  small  and  great  in  the 
villages,  it  wovdd  be  of  the  greatest  possible  advantage  to  have 
those  somewhat  slow-running  but  cheap  railways  for  carrying 
passengers  and  material  to  the  larger  lines  at  low  price. 

2  z 
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The  information  which  the  author  had  given  was  very 
interesting,  and  no  doubt  he  could  show  that  very  good  results  had 
been  obtained  on  the  Irish  narrow-gauge  railways.  But  what 
could  be  done  upon  a  narrow-gauge  railway  was  best  illustrated  by 
what  had  been  done  on  the  South  African  lines.  Those  lines  had  a 
3-foot  6-inch  gauge  with  very  wide  rolHng-stock,  comprising  sleeping- 
cars  and  dining-cars,  and  very  powerful  locomotives  hauHng  ti'ains 
of  considerable  tonnage,  and  there  was  little  doubt  that  if  a  narrow- 
gauge  railway  was  properly  constructed,  an  enormous  amount  of 
work  could  be  done  by  it.  He  quite  agreed  that  considerable 
hesitation  should  be  shown  before  putting  down  a  naiTow-gauge 
Hne  in  a  country  where  broad-gauge  railways  existed,  unless  some 
cheap  method  existed  of  transfer  from  one  to  the  other ;  but  there 
were  circumstances  in  which  a  nan*ow-gauge  line  was  really 
advantageous  and  sometimes  absolutely  necessary.  He  doubted 
himself  whether  it  would  be  advantageous  to  Ireland  to  extend  the 
system  for  any  more  miles  than  were  actually  working  at  the 
present  time.  He  would  prefer  to  see  any  extensions  of  the  Irish 
Railways  made  on  the  standard  5 -foot  3 -inch  gauge. 

Mr.  Bowman  Malcolm  said  he  had  been  connected  with  the 
narrow-gauge  railways  of  Ireland  for  a  great  number  of  years, 
going  back  to  the  time  when  the  West  Donegal  Railway  w^as 
constructed.  At  the  present  time  the  first  two  nari'ow-gauge  lines 
built  in  Ireland  were  part  of  the  Northern  Counties  Committee's 
system.  The  line  from  Bally  mena  to  Par  km  ore  was  built  originally 
(1875)  as  a  mineral  line,  and  had  three  small  saddle-tank  engines, 
two  of  which  were  in  existence  at  the  present  time,  although  only 
used  for  supernumerary  purposes.  Shortly  afterwards  the  line 
running  from  Larne  to  Ballymena  across  country  was  made  (1878), 
and  rolling-stock  of  a  peculiar  type  had  to  be  designed  for  it  owing 
to  the  very  light  rails  which  were  originally  used.  The  rails  were 
40  lb.  to  the  yard,  and  the  loads  were  kept  down  to  8  tons  per  axle. 
If  reference  was  made  to  Table  1  (page  626),  it  would  be  observed 
that  the  heaviest  engines  of  the  Northern  Counties  narrow-gauge 
system  weighed  only  31  tons  17  cwt.,  which  was  very  low  compared 
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with  the  weights  of  the  majority  of  the  other  engines  on  the 
principal  lines  mentioned.  That  was  partly  due  no  doubt  to  the 
small  tanks,  which  only  contained  about  600  gallons,  whereas  some 
of  the  other  engines  carried  as  much  as  1,000  and  1,500  gallons.  He 
always  looked  upon  the  gross  weight  of  the  engine  as  a  very 
important  factor  on  a  system  such  as  the  Ballymena  and  Larne, 
because  the  Hne  possessed  long  gradients  of  1  in  37  and  some  short 
lengths  of  1  in  33.  The  members  would  notice  that  the  engine 
specified  on  page  626  and  Fig.  37  (page  618)  would  take  a  gross  load  of 
100  tons  up  the  latter  gradient,  which  was,  he  thought,  very  good 
work.  The  trouble  they  suffered  from  on  that  particular  gradient  was 
that  not  only  was  it  very  severe,  but  it  was  on  a  series  of  5-chain 
curves,  the  gradient  being  uncompensated.  It  might  be  a  matter  of 
intei'est  to  the  members  if  he  stated  that  the  engine  shown  in 
Fig.  37  (page  618)  was  a  two-cylinder  compound.  The  company 
had  a  number  of  those  engines,  and  it  was  now  their  standard. 

A  mistake  was  made  very  early  in  the  building  of  narrow-gauge 
railways  in  Ireland  in  that  no  standard  was  laid  down  for  the  height 
of  the  centre  of  the  buffer  from  the  rail,  and  it  might  astonish  the 
members  to  learn  that  that  difference  amounted  to  11^  inches,  so 
that  stock  on  one  narrow-gauge  line  could  not  be  transferred  to 
another.  There  was  a  very  considerable  difference  in  the  height 
of  the  Northern  Counties  Committee's  stock,  the  stock  of  the 
BaUycastle  Company,  which  was  in  close  physical  connection  with 
the  Northern  Counties'  system,  and  of  the  County  Donegal  lines 
generally ;  so  that  assuming  the  lines  were  amalgamated  they 
would  not  be  able  to  transfer  the  stock  from  one  line  to  another 
without  considerable  alteration.  As  a  matter  of  fact,  a  rather 
ingenious  arrangement  had  been  made  for  the  purpose  of  working 
the  County  Donegal  Joint  Committee's  wagon  stock  over  the 
Londonderry  and  Lough  Swilly  Railway.  In  that  case  there  was  a 
difference  of  3  inches.  A  two-storey  buffer  had  been  constructed 
with  a  long  head,  and  two  coupling-pins.  Figs.  11  and  12  (page  612). 

The  author  had  referred  to  "  slack  gathering  "  apparatus  ;  in  his 
(the  speaker's)  opinion  the  best  form  of  this  was  the  Jones  type— 
the    Indian    State    Railway   standard.       The    Northern    Counties 
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Committee's  stock  had  this  coupler,  which  was  an  exceedingly- 
satisfactory  arrangement.  It  brought  the  two  buffer-heads  close 
together  and  they  were  screw-ed  up  tight. 

The  author  referred  to  the  question  of  the  circular  fii'e-box. 
He  was  sorry  that  Mr.  Aspinall  did  not  touch  on  that  point, 
because  the  Lancashire  and  Yorkshire  Railway  had  had  some 
experience  with  circular  fire-boxes,  and  it  would  be  interesting  to 
know  why  their  experiments  were  not  carried  further  in  that 
direction.  The  difficulty,  which  seemed  to  be  an  insurmountable 
one,  in  adopting  a  fire-box  of  that  type  on  narrow-gauge  railways, 
was  that  it  was  impossible  to  get  a  large  enough  box,  unless  it  was 
put  right  above  the  wheels  and  of  very  great  length  ;  and  he  could 
not  conceive  how  the  author  would  be  able  to  fit  engines  of  the 
existing  type  on  Irish  narrow-gauge  lines  with  boxes  of  that  type. 

Mr.  G.  V.  y.  Hutchinson  said  that  anyone  who  had  experience 
in  designing  modern  locomotives  for  the  standard  gauge,  even  the 
Irish  standard  of  5  feet  3  inches,  would  understand  the  diflB.culties 
experienced  in  designing  locomotives  for   narrow-gauge   railways 
The  fire-box  was  the   chief   trouble.     The   main    object  aimed  at 
should  be  to  keep  the  fire-box  behind  the  coupled  wheels.     By  so 
doing,  with  the  3-foot  gauge,  and  the  frames  outside  the  wheels,  it 
should  be  possible  to  get  a  fire-box  about  4  feet  wide.     By  placing 
it  between  the  wheels  not  only  was  the  grate  area  x-estricted,  but  the 
water  space  was  cramped.     The  author  had  pointed  out  that  the  fire- 
box plates  sufi"ered  from  the  scouring  action  of  the  fire  which  had  to 
be  forced  ow  ing  to  the  small  grate  area.  He  (Mr.  Hutchinson)  thought 
that  the  destruction  of  the  plates  was  also  considerably  increased 
by  the  narrow  water-space  which  prevented  good  circulation  round 
the  box.     That  would  appear  to  be  the  case  from  the  experiments 
that  had  been  made  with  the  circular  fire-box.     The  author  stated 
that  he  had  got  rid  of  most  of  his  fire-box  troubles  by  using  the 
circular  fire-box.     Although    he    had  a  comparatively  small  grate 
area,  he  must  necessarily  have  a  good  water-space  and  plenty  of 
room  for  circulation  about  the  fire-box.     Although  the  author  was 
at  present  successful  with  the  circular  fire-box,  he  thought  that  the 
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grate  area  of  such  a  box  would  soon  reach  its  limit  in  size,  unless  a 
large  and  heavy  boiler  were  used  which  might  not  be  desirable 
for  tank-locomotives  on  a  narrow-gauge  railway. 

The  author  mentioned  that  one  of  his  boilers^he  believed  on 
Class  4  engine — was  not  good  at  steaming.  Personally,  he  wondered 
whether  that  was  due  to  the  height  of  the  blast-pipe,  because  from 
the  figures  given  in  Table  1    it  should  be  as  good  as  the   others. 


Fig.  57. — Bogie  Axle-box  and  Keep,  showing  Lubrication  from  belotv. 
10  in.  X  6  in.  Journal. 

Great  Southern  and  Western  Bailway. 


The  cylinders  were  an  inch  larger  in  diameter,  but  he  did  not  think 
that  should  affect  the  boiler  to  such  an  extent.  He  noticed  in  the 
diagram  of  the  engine  (page  608)  and  in  the  photograph  given  that 
the  chimney  appeared  to  be  of  larger  diameter  than  the  other 
chimneys  shown.  If  the  blast-pipe  were  at  the  same  height  as 
those  in  the  engines  with  the  small  diameter  chimneys,  the  blast 
might  not  properly  fill  the  large  diameter  chimney,  and  it  would 
therefore  not  create  a  proper  draught  on  the  fire.  He  would  like 
to  ask  the  author  if  he  had  tried  lowei'ing  the  blast-pipe  in  that 
engine  so  as  to  get  the  chimney  better  filled  with  steam. 
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The  author  had  introduced  a  considerable  refinement  in  his 
lubrication  by  applying  forced  lubrication  to  all  axle-journals  and 
bogie-centres.  Provision  was  made  on  the  bogies  that  he  (Mr. 
Hutchinson)  was  familiar  with,  on  the  standard  gauge,  for  lubrication, 
but  the  enginemen  never  troubled  to  lubricate  the  bogie-centre  at 
all.  "When  an  engine  left  the  shops  all  the  moving  parts  of  the  bogie 
were  well  coated  with  black  tallow,  and  that  was  all  the  lubrication 
the  bogie-centre  received  until  it  came  to  the  shops  again.  The 
engines  did  not  seem  to  suffer  much  by  that  treatment.  With 
regard  to  the  lubi'ication  of  the  bogie  axle-boxes,  the  latest  practice 
on  the  Great  Southern  and  Western  Railway  was  to  do  away  with 
the  oiling  from  the  top  and  to  do  all  the  oiling  at  the  bottom, 
Fig.  57,  and,  since  that  practice  had  been  adopted,  hot  bogie  axle- 
boxes  were  almost  unknown.  It  was  not  merely  necessary  to  oil 
from  the  bottom,  but  the  white  metal  bearing  must  be  made 
narrow.  Even  though  the  bearing  pressure  was  increased,  the  box 
kept  cool  because  the  oil  had  a  much  better  chance  of  getting  up 
round  under  the  bearing.  The  narrow  bearing  was  first  tried  on 
some  of  the  carriage  axle-boxes  of  the  Great  Southern  and 
Western  Railway,  which  previously  had  wide  bearings  and  were 
continually  running  hot.  But  when  the  narrow  brasses  were 
substituted  they  gave  complete  satisfaction  by  being  quite  cool  in 
running. 

Mr.  James  D.  Twikberrow  said  the  prominent  characteristic 
of  the  Irish  narrow-gauge  railway  system  appeared  to  be  an 
absence  of  all  system  from  the  standardization  of  the  leading 
dimensions.  The  width  of  gauge  indeed  seemed  to  be  the  only 
dimension  which  was  standard  for  almost  all. 

As  the  difi'erential  length  of  the  inner  and  outer  rails  on  a 
curve  varied  with  the  distance  between  them,  it  was  generally 
understood  that  the  adoption  of  smaller  gauge  permitted  a 
proportionate  reduction  to  be  made  in  the  length  of  radius  of  the 
minimum  curve,  and  that  he  presumed  was  the  leading  reason  for 
selecting  a  narrow  gauge  for  a  light  railway.  The  author  stated 
(page  601)  that  the  super- elevation  was  relatively  greater  for  the 
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narrow  gauge  than  for  the  broad  gauge  for  the  same  speed, 
and  presumably  for  the  same  radius  of  curve.  As  those  two 
considerations  determined  a  definite  angle  of  elevation,  one  would 
have  expected  the  actual  lift  of  the  outer  rail  above  the  inner  to  be 
strictly  proportional  to  the  gauge.  In  that  respect  Irish  practice 
appeared  to  be  against  the  law. 

The  effective  employment  of  tank-engines  became  impossible 
when,  as  in  the  case  of  many  of  the  Indian  2-foot  6-inch  gauge 
lines,  the  provision  of  the  necessary  boiler  power  to  take  care  of 
increasing  train  loads  with  longer  hauls  compelled  the  fuel  and 
water  supply  to  be  carried  upon  a  separate  vehicle.  He  believed 
that,  for  many  of  the  Indian  lines  of  that  gauge,  tank-engines  were 
no  longer  ordered.  The  tender-engines  usually  had  leading  and 
trailing  trucks  with  all  the  coupled  wheels  in  front  of  the  wide 
fire-box.  For  mechanical  reasons,  he  thought  it  was  preferable 
that  the  bearings  of  the  driving  wheels  should  be  inside,  whereas 
the  truck  wheels  might  have  their  bearings  outside  and  thus 
secure  the  benefit  of  the  greater  width  of  spring  base  and  better 
accessibility.  When  the  Hall  type  of  crank  was  used  for  the 
coupled  axles,  the  abnormal  dimensions  and  the  difficulties  of 
lubrication,  which  were  referred  to  by  the  author  (page  603),  were 
experienced. 

With  regard  to  the  detail  of  fire-box  construction  referred  to 
(page  602),  he  thought  it  would  usually  be  found  that  the  design 
involved  serious  secondary  stresses,  causing  bending  on  certain 
parts  of  the  tube-plate  and  upon  some  of  the  water-space 
stays.  It  appeared  rather  remarkable  that  apparently  no  effort 
was  made  to  eliminate  the  secondary  stresses  in  the  drawing 
office  without  cost,  whereas  their  existence  w^as  a  very  important 
factor — indeed,  the  most  important  factor  in  causing  continuous 
expenditure  in  the  repair  shop.  The  width  and  depth  of  ash-pans 
were  frequently  very  restricted,  and  it  became  a  matter  of  difficulty 
to  force  through  a  reasonable  quantity  of  air  to  maintain  efficient 
combustion.  An  engine  which  was  burning  only  half  a  ton  of  coal 
per  hour  requii-ed  6  tons  of  air  in  the  same  time,  or  putting  it  in 
another  way,  about  2,600  cubic  feet  of  air  per  minute,  and|in  order 
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to  get  that  through  the  very  small  ash-pan  openings  that  were 
frequently  provided  meant  a  considerable  fall  in  the  air  pressure, 
necessitating  a  very  strong  draught.  In  view  of  the  necessity  for 
maintaining  the  maximum  efficiency  of  draught,  it  was  notew^orthy 
that  British  makers  apparently  did  not  fit  the  helicoidal  blast-pipe 
which  was  now  the  standard  in  so  many  European  countries ;  nor 
did  they  appear  to  have  tried  the  very  rational  forms  of  spark- 
arrester  and  smoke-box  diaphragm  plate  which  were  largely  used 
with  marked  success  in  Continental  practice. 

The  author  appeared  to  commend  the  use  of  a  two-wheel  bogie 
or  radial  truck  (page  602).  The  opinion  was  generally  held — and  he 
believed  it  might  be  supported  by  theoretical  considerations — that 
a  single-axle  truck,  unless  it  was  combined  with  the  next  coupled 
axle  in  the  form  of  a  Zara  or  Helmholtz  bogie,  was  not  a  desirable 
fitting,  seeing  that  it  was  liable  to  derailment  at  K-crossings  and 
elsew^here,  and  that  it  was  also  a  cause  of  severe  lateral  pressures 
tending  to  spread  the  road. 

The  earning  capacity  of  a  locomotive  was  proportional  to  its 
boiler  power,  and  the  cost  varied  approximately  with  the  weight. 
A  useful  figure  of  comparison  was  obtained  by  dividing  the  weight 
in  tons  of  the  engine  when  empty  into  the  area  of  heating  surface 
in  square  feet.  The  quotient  should  be  25  to  27  for  tank-engines 
and  from  33  to  35  for  tender-engines  per  ton  of  engine  only.  The 
engine  shown  in  Fig.  5  (page  608),  which  was  referred  to  as  a  bad 
steamer,  had  only  18*9  square  feet  of  surface  per  ton,  and  the  duty 
as  specified  in  Table  1  (page  624)  involved  the  production  of  about 
450  i.h.p.  Evidently  the  boiler  could  not  cope  economically  wuth 
this  demand.  Fig.  17  (page  613)  had  26*4  square  feet  per  ton, 
but  the  area  of  the  heating  surface  was  78 '5  times  that  of  the 
grate  surface,  and  combustion  would  need  to  be  forced  in  order  to 
get  full  output.  Fig.  19  (page  614)  had  24  square  feet  per  ton  of 
weight  and  59  square  feet  per  foot  of  grate,  and  should  be  capable 
of  giving  the  specified  duty  without  undue  forcing. 

The  tender-engine,  Fig.  18,  had  the  very  limited  axle-load 
of  6  tons  12  cwt.  A  considerable  saving  in  weight,  cost  and 
frictional    resistance   would    have    been    effected    had    the    8i^-ton 
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axle-load  been  permissible.  The  engines  shown  in  Figs.  25,  30  and 
33  all  exceeded  24  feet  per  ton  weight,  but  the  two  latter  examples 
could  not  get  round  a  moderately  sharp  curve,  probably  on  account 
of  the  type  of  radial  box  in  use. 

The  outside  valve-gear  as  fitted  by  British  makers  was  not 
readily  accessible  for  oiling  and  overhaul,  the  centre  lines  of  the 
valve,  its  spindle,  the  expansion  link  and  its  connecting-rods  rarely 
fell  in  one  vertical  plane ;  there  was  consequently  an  appreciable 
amount  of  cross  bending  on  all  parts,  necessitating  additional 
weight,  more  lubrication,  and  shorter  life.  Despite  the  advantages 
consequent  upon  the  use  of  materials  and  workmanship  of  the 
highest  grade,  the  detail  of  British  designs  too  often  necessitated 
excessive  cost  of  production,  high  dead-weight,  inaccessibility  of 
parts,  and  limitation  of  useful  output. 

Mr.  LiVESEY,  in  reply,  thanked  the  members  for  the  very 
friendly  way  in  which  they  had  received  his  Paper,  Mr.  Darbishire 
had  referred  (page  631)  to  his  early  association  with  the  engines  of 
the  County  Donegal  Railways,  and  it  was  a  pleasure  to  him 
(the  author)  to  meet  the  "  godfather "  of  his  Company's  first 
engines  and  to  be  able  to  say  how  well  they  had  done  their  duty. 
With  regard  to  the  cost  of  narrow-gauge  lines,  he  would  deal  more 
fully  with  that  subject  in  his  reply  to  Mr.  Aspinall.  Mr.  Darbishire 
did  not  seem  to  be  quite  correct  when  he  said  that  a  good  many  of 
the  broad-gauge  lines  were  altered  to  narrow-gauge,  there  being 
only  three,  the  original  Londonderry  and  Lough  Swilly,  12  miles, 
the  Finn  Yalley  (now  part  of  the  County  Donegal  Railways), 
13f  miles,  and  the  Cork,  Blackrock  and  Passage  Railway,  16  miles, 
and  these  alterations  were  consequent  on  the  proximity  of  other 
existing  and  proposed  narrow-gauge  lines,  with  which  it  was 
considered  more  convenient  to  have  a  physical  connection. 

Mr.  Aspinall  (page  633)  stated  that  he  did  not  think  any 
narrow-gauge  line  in  Ireland  had  been  built  for  less  than  ,£6,000 
per  mile  (presumably  exclusive  of  rolling-stock) ;  possibly  the 
average  of  all  might  have  exceeded  this  sum,  but  the  author  now 
gave  a  feAv  figures  to  show  that  this  extravagant  amount  had  not 
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always  been  exceeded.  The  various  sections  which  make  up  the 
system  with  which  the  author  was  connected  averaged  £5,000, 
£4,650,  £5,894,  £4,641,  £7,690,  £9,337  and  £11,500  per  mUe 
respectively ;  only  three  of  these  exceeded  £6,000,  and  the  first 
referred  to  a  broad-gauge  line,  which  was  altered  to  narrow  in  1894. 
The  author  had  remarked  that  no  line  should  be  built  as  a 
narrow-gauge  if  the  cost  would  exceed  £5,000  per  mile,  and  he  was 
very  strongly  of  opinion  that  a  substantial  narrow-gauge  line,  with 
60-lb.  rails,  could  be  built  for  a  sum  not  exceeding  £4,000  per  mile 
(exclusive  of  rolling-stock),  and  in  spite  of  the  burden  of  the  Board 
of  Trade  requirements,  provided,  of  course,  that  there  were  no  great 
difficulties  due  to  the  nature  of  the  country  through  which  the  line 
was  to  pass.  Such  difficulties  were  rare  in  Ireland.  There  was  no 
doubt  at  all  that  the  Irish  narrow-gauge  lines  had  cost  far  too 
much ;  to  the  author's  own  knowledge  thousands  of  pounds  had 
been  wasted  on  totally  unnecessary  and  far  too  elaborate  works,  and 
many  thousands  had  been  squandered  in  payment  of  absurd  prices 
for  land,  which,  in  many  cases,  had  been  practically  valueless  until 
the  railway  had  come  along.  If  the  nature  of  the  country  and  other 
circumstances  rendered  a  narrow-gauge  line  absolutely  necessary, 
then  there  was  little  prospect  of  even  a  moderate  dividend  being 
earned  if  the  cost  exceeded  £4,000  per  mile.  Parliamentary  and  other 
incidental  and  preliminary  expenses  were  out  of  all  proportion  to 
the  value  of  the  work  done,  especially  when  there  was  opposition. 
This  procedure  could  and  should  be  greatly  simplified  and  the  cost 
reduced  to  a  fraction  of  what  it  usually  was.  The  author  thought 
that  the  consideration  of  all  proposed  railway  schemes  should  be 
dealt  with  locally.  An  experienced  man,  preferably  a  railway 
officer,  should  be  appointed,  say  by  the  Railway  Commission,  and 
after  taking  evidence  from  both  sides,  this  officer  should  report  upon 
it,  with  his  recommendations ;  and  then  the  Railway  Commission, 
or  other  authority,  could  promulgate  the  decision,  which  should  have 
the  force  of  an  Act  of  Parliament  or  of  an  Order  in  CouncQ.  A 
procedure  somewhat  similar  to  the  above  was  followed  when  a  local 
authority  was  desirous  of  proceeding  with  some  scheme  of  public 
utility,  when  the  Local  Government  Board  appointed  an  officer  to 
hold  an  inquiry  locally,  etc. 
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Good  work  could  be,  and  was,  done  by  narrow-gauge  lines,  but 
what  the  author  maintained  was  that  equally  good  work  could  be 
done  on  a  broad-gauge  line  and  quite  as  economically,  both  from 
the  constructional  and  working  points  of  view.  For  instance,  as 
far  as  the  gauge  was  concerned,  the  cost  of  a  locomotive  depended 
largely  on  its  weight ;  equally  as  Kght  an  engine  could  be  put  upon 
the  broad-gauge,  that  is  to  say,  no  more  material  need  be  used  in 
one  case  than  the  other.  There  then  need  be  no  appreciable 
difference  in  cost,  and  they  had  the  very  material  advantage  of 
greater  simplicity,  accessibility,  and  reliability,  as  well  as  the 
incalculable  advantage  of  uniformity  of  gauge.  As  broad-gauge 
vehicles  could  be  made  to  negotiate  curves  as  freely  as  the  others, 
where  then  was  the  advantage,  especially  in  Ireland  ?  When  a 
narrow-gauge  tank-engine  exceeded  50  tons  in  weight,  as  was  now 
necessary  on  at  least  two  Irish  Hnes,  the  author  failed  to  see  any 
advantage  in  the  narrow-gauge,  rather,  much  the  reverse;  the 
weight  of  engine  above  mentioned  equalled  that  of  many  broad- 
gauge  tank-engines,  without  any  of  the  compensating  advantages, 
and  the  cost  would  be  the  same  in  either  case.  The  author  could 
prove  his  case  conclusively,  but  much  of  what  he  would  wdsh  to  say 
was  so  obvious  that  it  would  only  be  waste  of  space  and  time. 

The  system  with  which  the  author  was  associated  was  broad- 
gauge  in  everything  except  in  the  actual  distance  betw^een  the  rails  ; 
broad-gauge  loads  had  to  be  dealt  with  and  an  attempt  made  at 
broad-gauge  speeds,  in  order  to  meet  the  pubhc  demands.  The 
speed  limit  was  really  a  very  serious  drawback  in  the  effort  to 
develop  the  country  and  compete  with  existing  broad-gauge  lines. 
The  author,  of  course,  recognized  that  a  narrow-gauge  line  was 
advantageous  and,  perhaps,  really  necessary  in  a  few  isolated  cases, 
but  they  were  exceptions,  to  be  dealt  with  as  such  when  they  arose ; 
and  he  agreed  with  Mr.  Aspinall  that  any  future  extensions  of  Irish 
railways  should  be  made  on  the  standard  gauge,  but  on  the  lines  of 
a  really  "  light  "  railway. 

Mr.  Malcolm  was  correct  in  saying  (page  635)  that  a  serious 
mistake  had  been  made,  when  no  standard  was  laid  down  for  even 
the   height   of   buffer   centres.       The   author    resrretted   that  Mr, 
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Aspinall  did  not  enlighten  the  members  on  his  reasons  for  not 
extending  the  use  of  the  circular  fire-box,  and  concluded  that  it 
was  on  account  of  the  difficulty  in  getting  one  sufficiently  large  into 
the  comparatively  small  space  available.  It  certainly  would  not  be 
easy  to  fit  such  a  fire-box  to  existing  narrow-gauge  engines, 
especially  in  the  larger  ones,  but  it  could  be  done  if  the  engine  was 
designed  for  the  purpose. 

In  reply  to  Mr.  Hutchinson  (page  636),  the  author  would  go 
further,  and  say,  that  if  the  fire-box  was  kept  behind  the  coupled 
wheels  there  was  no  reason  why  it  could  not  be  even  six  or  seven 
feet  wide,  according  to  the  limit  of  running-gauge.  The  author, 
from  his  own  observations,  had  not  found  that  the  width  of  the 
water  space  had  a  very  material  influence  upon  the  Hfe  of  plates,  so 
long  as  this  space  was  a  fairly  rapidly  increasing  one  from  the 
bottom  upwards.  In  the  circular  fire-boxes  used  by  the  author, 
when  abroad,  the  grate  area  was  actually  rather  larger  than  in  the 
original  fire-box,  while  the  heating  surface  above  the  grate  was 
reduced ;  that  surface  below  was  more  or  less  useful  as  such  and,  no 
doubt,  to  some  extent  compensated  for  the  reduction  above.  In 
his  (the  author's)  experience  the  boilers  as  fitted  with  the  circular 
fire-box  were  more  efficient  than  in  the  original  form  ;  steam  was 
actually  more  easily  made  and  there  was  a  decided  decrease  in  coal 
consumption. 

It  might  be  of  interest  if  the  author  gave  a  few  more  details  of 
his  experiences,  which  led  him  to  adopt  the  circular  fii-e-box.  The 
water  which  had  to  be  used  was  exceptionally  bad,  as  the  analysis 
(page  645)  would  show. 

It  was  found  that  copper  fire-boxes  of  the  usual  form  bulged 
and  fractured  so  badly  at  the  tube-plate,  sides,  and  back-plate,  that 
they  were  unsafe  to  use  after  about  six  months'  work.  Low  Moor 
iron  was  then  tried  with  steel  tubes,  with  the  result  that  the  working 
life  was  lengthened  to  about  12  months  ;  steel  of  the  mildest  quality, 
-^-inch  plate,  was  then  used  with  a  resulting  life  of  about  18 
months.  Although  the  steel  fire-box  of  ordinary  form  gave  a  much 
longer  life  under  the  conditions  of  working,  it  was  not  considered 
satisfactory  enough,  and  the  author  ultimately  decided  to  try  the 
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No.  1  Supply. 

No.  2  Supply. 

Grains  per  gallon. 

Grains  per  gallon. 

Silica  ...... 

0-896 

2-420 

Calcium  carbonate 

4-236 

6-241 

Calcium  chloride 

— 

— 

Calcium  sulphate 

28-056 

31-718 

Magnesium  sulphate     . 

6-972 

0-533 

Magnesium  chloride 

52-730 

56-250 

Sodium  chloride  .... 

183-642 

147-423 

Sodium  nitrate     .... 
Total  grains  per  gallon 

2-235 

— 

278-767 

244-585 

circular  form.  The  first  was  so  good  that  it  was  decided  to  fit  it  to 
all  boilers,  and  this  was  done  as  rapidly  as  possible.  After  several 
years'  work  this  form  of  fire-box  was  found  to  be  as  good  as  new. 
It  was  necessary  to  draw  the  tubes  occasionally  in  order  to  clean 
the  interior,  as  a  large  amount  of  scale  accumulated,  which  was  not 
easily  removable  in  the  usual  process  of  washing  out.  One  of  these 
engines  could  be  brought  into  the  shop  at  3  p.m.  on  Saturday,  after 
the  week's  work  was  done,  the  fire-box,  tubes,  etc.,  removed,  and 
the  whole  put  back  after  the  interior  had  been  thoroughly  cleaned, 
and  the  engine  ready  for  work  at  6  a.m.  on  Monday.  After  these 
boilers  were  brought  into  use  the  author  was  able  to  keep  100  per 
cent,  of  the  engines  in  regular  running  for  a  long  period,  and  this 
fact  saved  considerable  capital  expenditure  on  the  purchase  of 
additional  engines,  which  would  otherwise  have  been  required.  As 
regards  Class  4  engines  of  the  County  Donegal  Railways,  Mr. 
Hutchinson  wondered  whether  the  poor  steaming  was  due  to  the 
height  of  blast-pipe  not  being  right.  In  reply,  the  author  wished 
to  state  that  experiments  had  been  made  with  many  different 
heights  and  diameters,  without  efi"ecting  any  impi'ovement. 

With  regard  to  Mr.  Hutchinson's  remarks  on  the  lubrication  of 
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the  engines  illustrated  by  Fig.  7  (page  608),  the  author  was  induced 
to  provide  the  "  refinements  "  mentioned  in  order  to  save  time  in 
runrdng  and  in  the  preparation  of  engines  for  the  road.  On  the 
earlier  engines  of  this  Committee  the  provision  for  lubrication  was 
insufficient,  and  it  necessitated  constant  watchfulness  on  the  part  of 
enginemen.  It  was  the  custom  for  the  men  to  run  round  the 
engine  at  every  stop  with  an  oil-can,  and  frequently  this  practice 
was  blamed  for  delays,  though  not  generally  the  case.  The  author 
therefore  devised   a   scheme  whereby  the   time  and    attention    of 

Pressure  Lubricatm-s  for  Bearings,  Figs.  58,  59  and  60. 

Fig.  58. — Needle-Valve  controlling  water  Fig.  59. — Reducing  Valve, 

supply  from  boiler. 
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enginemen  was  reduced  to  a  negligible  quantity.  The  lubricator 
consisted  of  a  cylinder,  placed  in  any  convenient  position  in  the 
cab,  and  which  contained  the  lubricant  (in  present  instance  12  to 
14  days'  supply) ;  it  was  fitted  with  an  inlet  at  the  bottom  for 
water,  under  pressure  from  the  boiler,  taken  from  below  water-level, 
and  an  outlet  at  the  top  for  the  lubricant  to  pass.  A  gauge  was  also 
fitted  to  the  cylinder-top  to  indicate  the  pressure  on  the  lubricant, 
and  a  filling-plug  was  provided  on  the  top  cover.  The  w^ater  from 
the  boiler  was  controlled  to  a  nicety  by  means  of  a  small  needle-valve, 
Fig.  58, and  passed  through  a  simple  and  small  reducing  valve,  Fig.  59, 
by  which  means  the  pressure  on  the  lubricant  could  be  adjusted 
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from  full  boiler  pressure  down  to,  say,  3  to  5  lb.  pressure  per  square 
inch.  It  was  found  that  the  latter  pressure  was  ample  for  all 
pui'poses.  From  the  cylinder  the  oil  was  led  by  ^-inch  galvanized 
wrought-iron  piping  along  each  side  of  the  framing,  above  the  axle- 
boxes,  a  tee  being  fitted  opposite  each  axle-box  and  a  flexible  branch 
pipe,  -|-inch  bore,  led  to  each  box.  Fig.  60.  At  the  tee  was  placed 
a  small  needle-valve  to  control  and  regulate  the  supply  to  each 
bearing  ;  this  only  had  to  be  adjusted  once  for  all.     Sight  glasses  were 
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Fig. 


60. — Needle-Valve  controlling  oil  supply 
to  axle-box. 


Fig.  61. — Side-rod  Oil  Cup 
and  Lubricator. 


fitted  near  the  top  of  the  cylinder  for  the  purpose  of  showing  when 
the  oil  required  replenishing,  and  as  an  additional  "  refinement "  a 
supply  of  oil  was  led  to  bogie  centres  and  slides,  because  it  was 
found  that  it  was  required,  but  it  was  not  turned  on  continuously. 

An  advantage  of  the  above-mentioned  lubricator  was  that  a 
thick  or  semi-solid  lubricant  might  be  used,  and  it  was  independent 
of  temperature  conditio^s.  The  side-rods  were  also  fitted  with  a 
simple  device  of  the  author  ;  instead  of  the  usual  worsted  siphon, 
or  trimming,  a  solid  steel  "  trimming "  or  rod  w'as  substituted. 
Fig.  61.     The  feed  w-as  regulated  by  the  rise  and  fall  of  this  rod, 
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and  was  controlled  by  an  adjusting  screw  fitted  in  the  cover. 
The  feed  could  be  adjusted  very  minutely,  and  of  course  when  the 
engine  was  at  rest  the  oil-supply  was  automatically  cut  off.  The 
complete  system  mentioned  above  had  been  working  on  three 
engines  for  about  six  months,  and  had  efi'ected  a  considerable 
economy  in  oil,  the  consumption  being  the  lowest  on  record  for 
these  lines.  There  was  an  entire  absence  of  splashing  about  the 
side-rods  and  wheels,  so  noticeable  in  other  engines,  and,  what  was 
more  important,  a  great  saving  of  enginemen's  time ;  the  side-rods 
did  not  need  attention  more  than  twice  weekly,  and  the  axle- 
boxes  once  a  fortnight.  The  needle-valves  were  illustrated  in 
Figs.  58  and  60 ;  the  cylinder  needed  no  description,  as  it  could 
take  any  form,  suited  to  the  circumstances  under  which  it  might 
have  to  work.  The  water-supply  pipe  was  fitted  with  a  two- 
way  cock  at  the  foot  of  the  cylinder,  one  way  being  to  waste, 
in  order  to  empty  the  cylinder  of  water  when  required  to  refill 
with  oil. 

The  author  agreed  with  Mr.  Hutchinson  that  oiling  from  the 
bottom  was  preferable,  where  possible,  all  his  newer  engines  having 
bogie  axle  journals  so  lubricated,  and  practically  all  his  carriage 
and  wagon  stock  had  now  been  fitted  to  lubricate  from  the  bottom. 
A  hot  journal,  with  this  type  of  axle-box,  was  unknown  on  the 
County  Donegal  lines.  The  author's  practice  was  to  make  the 
width  of  bearing  one-sixth  of  circumference. 

In  reply  to  Mr.  Twinberrow  (page  638),  the  author  did  not 
agree  with  his  suggested  reason  for  the  selection  of  a  narrow-gauge 
for  a  light  railway.  It  was  possible  by  suitable  design,  and,  in 
some  cases,  by  widening  the  gauge  slightly,  according  to  rigid  wheel- 
base,  to  get  broad-gauge  vehicles  to  run  freely  round  any  curve. 
Mr.  Twinberrow  appeared  to  be  wrong  in  his  expectation  that  the 
actual  lift,  of  the  outer  rail  on  curves  should  be  strictly  proportional 
to  the  gauge  for  the  same  speed  and  curve.  Was  not  "  inversely  " 
proportional  the  more  accurate  word  to  use  ?  No  doubt  tender- 
engines  were  necessary  in  some  circumstances,  but  they  should 
never  be  used  if  it  was  possible  to  design  a  tank-engine  to  do 
the  work. 
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The  author  differed  entirely  from  Mr.  Twinberrow  in  regard 
to  the  position  of  the  bearings,  which  should  always  be  outside  the 
wheel,  whatever  form  of  crank  was  used,  a  very  much  steadier 
engine  being  the  result.  The  author  had  had  no  difficulties  with 
the  lubrication  of  Hall  crank-bearings.  He  agreed  with  Mr. 
Twinberrow  in  regard  to  fire-box  design,  but  from  many  years* 
personal  experience  of  the  radial  truck,  and  from  the  fact 
that  it  was  largely  and  successfully  used  in  foreign  practice,  he 
was  convinced  that  it  was  equally  as  safe  and  satisfactory  as  the 
four-wheeled  bogie  ;  he  had  never  known  of  a  derailment  due  to 
the  use  of  such  form  of  truck.  He  (the  author)  failed  to  see  how 
the  two-wheeled  radial  truck  could  exert  greater  lateral  pressure 
upon  the  rail  than  the  four-wheeled  bogie,  though,  of  course,  the 
pressure  was  confined  to  one  point  instead  of  being  divided  over 
two.  The  total  pressure,  tending  to  spread  the  road,  would  be  the 
same  for  both  forms,  the  conditions  under  which  they  worked 
being  equal. 

The  author  hardly  agreed  with  Mr.  Twinberrow's  final  remark 
that  the  outside  valve-gear,  as  fitted  by  British  makers,  was  not 
readily  accessible  for  oiling  and  overhaul.  The  fact  that  it  was 
outside  was  a  great  point  in  its  favour,  for  the  purposes  named, 
and  there  appeared  little  difficulty  in  eliminating  all  tendency  to 
cross  bending,  though  no  doubt  weight  and  cost  might  be  lessened 
with  advantage  in  many  cases. 


Communications. 


Mr.  Herbert  W.  Garratt  wrote  that  he  was  quite  in  agreement 
with  the  author  as  to  the  difficulties  imposed  upon  locomotive 
design  and  capacity  by  the  narrowness  of  gauge,  and  also  by  a 
Kmited  load-gauge.  As  stated  in  the  Paper,  it  was  a  fact  that  the 
fire-box  was  one  of  the  greatest  difficulties,  and  the  objection  he 
mentioned  as  to  firing  and  the  damage  caused  to  the  side  sheets 
due  to  the  narrowness  of  the  fire-box  were  actual  and  serious  facts, 
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and  undeniable,  but  the  objections  no  longer  existed  if  the  locomotive 
were  of  the  type  below  referred  to.  The  fire-box  in  the  "  Garratt " 
locomotive  was  not  restricted  as  to  wddth  by  any  other  consideration 
than  that  of  the  limitations  of  the  load-gauge  minus  space  for  the 
frames,  nor  for  length  either,  and  it  might  be  constructed  to 
dimensions,  say  twice  the  width  of  the  gauge,  and  as  long  as 
required  without  Hmit  {see  the  tank  locomotive  for  the  Tasmanian 
Government  Railways,  Fig.  62,  Plate  26).  The  weak  point, 
referred  to  by  Mr.  Livesey,  was  therefore  eliminated,  and  the  fire- 
box in  the  writer's  locomotive  could  be  as  commodious  as  the  3-foot 
gauge  carriages  to  which  he  referred.  Many  engines  of  this  type 
were  running  on  various  railways  in  different  parts  of  the  world, 
giving  entire  satisfaction ;  some  up  to  94  tons  weight  for  the  3 -foot 
6-inch  gauge  had  just  been  built,  and  others  were  under  construction 
both  here  and  on  the  Continent. 

In  1911  six  engines,  weighing  66^  tons  each,  with  a  tractive 
effort  of  25,200  lb.  (limited  to  a  maximum  axle-load  of  9 
tons),  were  supplied  to  the  Western  Australian  Government 
Railways,  3-foot  6-inch  gauge.  These  had  proved  so  satisfactory 
in  every  way  that  a  further  order  for  seven  more  of  the 
same  type  had  been  placed  by  the  same  Government.  There 
need  be  no  more  trouble  with  narrow-gauge  engines,  either  as 
regards  size  and  shape  of  fire-box,  height  of  centre  of  gravity, 
distribution  of  weight,  or  stability  on  curves  ;  and,  furthermore,  in 
the  "  Garratt "  type  the  total  weight  of  the  engine  was  distributed 
over  a  gi'eater  length  of  rail  than  in  any  other.  Other  advantages 
included  freedom  of  running,  thus  reducing  cost  of  permanent-way 
maintenance  and  tyre  renewals,  etc. 

Mr.  Livesey  wrote  that  he  was  glad  to  hear  of  the  success  of 
the  "  Garratt "  locomotive,  as  he  thought  that  type  eminently 
suitable  for  heavy  switchback  work,  particularly  on  narrow-gauge 
lines  and  where  sharp  curves  abounded.  In  many  instances  the 
limit  had  been  reached  for  locomotives  of  the  ordinary  type,  but 
Mr.  Garratt  had  opened  up  a  wide  field  of  increased  usefulness  by 
his  ingenious  design. 
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The  author  mentioned  in  the  Paper  that  he  might  be  able  later 
to  give  some  particulars  of  the  performance  of  the  new  superheater 
tank-engines  of  the  County  Donegal  Railways ;  and  he  was  now  in 
a  position  to  do  so.  There  were  three  of  these  engines,  which 
had  been  put  to  work  on  the  heaviest  sections  of  the  Kne.  One 
of  them  worked  between  KiUybegs  and  Stranorlar,  and  the  other 
two  between  KiUybegs  and  Glenties,  via  Stranorlar.  A  glance  at 
the  profile  of  line,  Fig.  1  (page  605),  would  give  an  idea  of  the  heavy- 
work  required  of  them.  They  had  been  given  some  very  heavy 
w^ork  to  do,  and  recently  an  excursion  party  of  1,500  was  conveyed, 
in  two  trains  of  fifteen  coaches,  from  Londonderry  to  Ballyshannon  ; 
one  of  the  new  engines  hauled  each  train,  which  was  estimated  at 
230  tons  exclusive  of  engine  (50^  tons).  The  run  from  Derry  to 
Stranorlar  was  performed  in  60  minutes,  no  effort  being  made  to 
run  fast,  because  the  train  was  ahead  of  time  all  the  way.  From 
Derry  to  Donegal  the  trip  was  a  non-stop  one,  the  portion  from 
Stranorlar  to  Donegal  being  run  in  53  minutes,  the  speed  up  the 
bank  being  steady  at  12  miles  per  hour,  and  a  superheat  of  700° 
being  easily  maintained.  Equally  as  good  a  run  was  made  on  the 
return  trip,  though  the  speeds  were  higher,  as  there  was  a  clear 
road  all  the  way,  the  average  speed  between  Stranorlar  and  Derry 
being  35  miles  per  hour.  The  smoothness  of  running  of  these 
engines  was  most  remarkable. 

The  superheater  had  added  fully  30  per  cent,  to  the  capacity  of 
the  engines ;  the  qoal-consumption  had  fallen  fully  20  per  cent., 
and  the  water-consumption  about  30  per  cent.  The  actual  coal 
burnt  per  mile  (Cumberland  coal)  worked  out  at  29  lb.,  and  the 
author  considered  that  with  good  Welsh  coal  this  figure  would  be 
between  24  and  25  lb.  The  average  of  the  earlier  engines.  Class  5, 
Fig.  6  (page  608),  with  the  same  coal,  was  between  35  and  36  lb., 
and  for  Class  4,  Fig.  5,  it  was  between  44  and  45  lb.,  although 
these  latter  engines  had  much  lighter  work  to  do.  The  improvement 
in  the  efficiency  of  the  machine  was  made  very  evident  from  the 
following  :  The  new"  engine  w^as  able  to  haul  a  gross  load  (including 
engine)  of  more  than;  double  that  of  Class  1,  the  actual  ratio 
being  11   to   5  on  the   same  coal-  and    oil-consumption  per  mile, 
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though  at  higher  speeds,  or,  in  other  words,  the  cost  of  hauling  a 
ton  had  been  reduced  to  one-half.  As  far  as  the  superheater  was 
concerned  no  difficulty  whatever  had  been  experienced ;  the  men 
had  mastered  its  use  easily  and  quickly,  and  in  practice  it  had 
been  found  quite  easy  to  maintain  a  superheat  of  700°  F.  With 
light  loads  the  temperature  was  maintained  at  about  650°  F. 
without  trouble ;  it  dropped  to  about  450°  F.  during  a  stop,  but 
quickly  rose  again  after  starting. 

An  interesting  fact  had  been  learnt  in  regard  to  cylinder 
lubrication :  it  was  that  no  more  oil  was  needed  for  the  superheater 
engine  than  with  the  non-superheater  types,  the  average  for  the 
former  being  the  same,  namely,  0*9  pint  per  100  miles.  The 
author  thought  that  the  frequent  stops  and  the  numerous 
occasions  on  which  the  engine  ran  without  steam,  while  the 
lubricator  pump  was  stiU  forcing  oil  to  the  various  parts, 
accounted  for  this.  The  advent  of  these  engines  had  effected 
a  decided  improvement  in  the  timekeeping  of  trains,  though  at  no 
time  was  it  ever  seriously  at  fault. 
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NEW   GRAVING   DOCK,   BELFAST: 
Mechanical  Plant  and  General  Appliances. 


By  W.  REDFERN  KELLY, 
Engineee-in-Chiep  to  the  Belfast  Haebour  Commissioners. 


The  new  Graving  Dock  at  Belfast,  Fig.  1  (page  654),  is  one  of 
the  finest  and  best  equipped  dry  docks  in  the  world  at  the  present 
moment ;  and  is  indeed  the  only  graving  dock  in  which  it  is 
possible  to  place  the  leviathan  steamer,  the  "  Olympic,"  the 
world's  largest  existing  specimen  of  naval  architecture.  It  is  not 
only  famous  for  its  huge  capacity,  but  for  its  general  equipment, 
which  is  of  the  most  modern  and  up-to-date  type.  The  Belfast 
Harbour  Commissioners,  who  have  at  all  times  manifested  a 
keen  desire  to  faciHtate,  in  every  legitimate  and  reasonable  way, 
the  great  shipbuilding  industry  (which  may  be  considered  to  be  tlie 
staple  industry  of  this  port  and  city),  have,  in  order  to  further  that 
particular  trade,  and  to  encourage  the  Admiralty  to  place  with  our 
local  shipbuilders  a  fair  proportion  of  their  orders,  expended  upon 
this  great  dock  and  its  collateral  works,  a  sum  of  £350,000. 

The  works  were  commenced  early  in  the  year  1904,  and  the 
time  required  for  their  construction  was  about  seven  years.  This 
period  might,  however,  have  been  greatly  reduced,  were  it  not  for 
the  many  engineering  difficulties  which  were  encountered,  by  the 
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contractors,  during  the  progress  of  their  operations.  Although  no 
formal  or  ceremonial  opening  of  the  new  dock  has  as  yet  taken 
place,  it  was  nevertheless  "commissioned  for  practical  use  on  the 
1st  April  1911,  when  the  S.S.  "Olympic"  was  admitted  for  final 
fitting  out  purposes,  a  few  weeks  immediately  prior  to  her 
departure  on  her  maiden  voyage. 

Dimensions  of  the  Graving  Dock. — The  general  dimensions  of  the 
dock,  Fig.  2,  are  as  foUows : — 


Fig.  2. 
New  Graving  Dock,  Belfast. 


B  -  PENSTOCKS 

•   -  HYD.  CAPSTANS 


Length  of  dock,  on  floor,  from  the  inner  face  of  the  caisson  to 
the  toe  of  the  battered  wall  at  the  south  end  of  the  dock,  850  feet ; 
or  if  the  caisson  be  placed  in  its  outer  berth,  about  887  feet. 
Length,  over  all,  that  is,  from  the  coping  at  the  south  end  of  the 
dock  to  the  inner  face  of  the  caisson  when  in  its  outer  position 
above  the  apron,  at  the  entrance,  901  feet. 

Breadth  of  dock,  from  toe  to  toe  of  the  battered  side-walls 
below  the  altar  courses,  100  feet ;  from  coping  to  coping,  128  feet; 
and  at  entrance,  96  feet. 

Depth  of  surface  of  floor  of  dock,  at  its  centre,  below  harbour 
datum  (which  latter  is  1  foot  9  inches  below  average  low-water 
line),  26  feet  6  inches.  Height  of  coping,  above  harbour  datum, 
16  feet.     Depth  of  floor  surface  (at  its  centre)  below  the  level  of 
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the  entrance  sill,  2  feet.     Height  of   keel  blocks  above  the  floor 
4  feet  6  inches ;  or  without  timber  capping,  3  feet  6  inches. 

Depth  of  water  on  keel  blocks,  at  H.W.O.S.T.       .         .     32  feet  9  inches. 
„      „      „       „   dock  sill,       „  „  .         .     35  feet  8  inches. 

Width  of  caisson  chamber,  in  the  clear         .         .         .23  feet  4^  inches. 

The  dock  floor  falls  1 2  inches  on  either  side  of  the  centre  line, 
towards  the  open  drains  at  the  sides  of  the  dock,  no  longitudinal 
fall  being  given. 

The  level  of  the  surface  of  the  inner  and  outer  sills,  at  the 
centre,  is  40  feet  6  inches  below  coping  line,  or  24  feet  6  inches 
below  harbour  datum.  The  level  of  the  surface  of  the  concrete 
apron,  northward  of  the  outer  sill,  is  43  feet  6  inches  below  the 
coping  level ;  or  27  feet  6  inches  below  harbour  datum.  The 
level  of  the  upper  surface  of  the  brickwork  invert  of  the  caisson 
chamber,  and  the  caisson  track,  in  the  centre,  is  45  feet  3  inches 
below  coping  level,  or  29  feet  3  inches  below  harbour  datum. 


The  Paper  is  not  intended  to  deal  with  the  general  construction 
of  the  Graving  Dock  proper,  but  rather  with  those  items  of 
mechanical  plant,  such  as  the  pumping  installation,  hydraulic 
system,  boilers,  capstans,  caisson,  and  caisson  hauling  plant 
(together  with  its  hauHng  appliances),  culvert  sluices,  etc. ;  as 
such  details  of  dry-dock  equipment  naturally  possess  much  greater 
interest  for  the  mechanical  engineer  than  would  the  structure  of 
the  dock  itself,  with  which  latter  the  civil  engineer  is  necessarily 
more  intimately  concerned ;  and  the  author  hopes  that  the 
importance  of  the  subject  may  be  deemed  sufficient  to  justify 
the  demands  which  he  has  been  obliged  to  make  upon  the  space 
usually  allocated  to  such  contributions. 

Pumping  Appliances, 

The  capacity  of  the  Graving  Dock,  below  the  level  of  high  water 

of    average    spring    tides,    without    making    any    allowance    for 

displacement   by  a  vessel  placed  in  the  dock,  is  about  21  million 

gallons  of  water ;  and  the  duty  imposed  upon  the  pumping  plant 
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is  that  of  discharging  this  great  quantity  of  water,  within  a  period 
of  not  more  thaji  100  minutes  frorb  the  time  of  commencing  the 
pumping  operations.  During  this  pumping  period  the  tide  outside 
the  dock  will  usually  fall  to  the  extent  of  about  2  feet. 

Pumps. — The  plant  provided  for  the  performance  of  the 
above  work  {see  Plan,  Fig.  3,  Plate  27 ;  and  Elevations,  Plate 
28)  comprises  three  main  pumps  of  the  centrifugal  type, 
which  are  driven  by  three  cross  compound  vertical  engines.  Each 
pump  has  two  suction-pipes,  42  inches  in  diameter,  and  one 
delivery-pipe,  which  tapers  from  54  inches  to  60  inches  in  diameter. 
The  impeller,  or  pump-disk,  is  7  feet  6  inches  in  diameter.  The 
extreme  depth  of  the  pump-casing  is  12  feet  7f  inches  ;  and  the 
over-aU  width  of  the  pump  is  12  feet  10  inches.  The  centre  of 
the  impeUer-disk  is  18  feet  3^  inches,  and  the  top  of  the  pump- 
casing  is  24  feet  ^  inch  respectively,  above  the  dock  floor,  close  to 
the  inlet  to  the  pump  well.  The  six  large  suction-pipes  are  carried 
through  the  engine-room  floor,  into  the  main  sump  underneath, 
their  bell-mouthed  ends  reaching  a  level  of  about  6  feet  8^  inches 
below  the  dock  floor,  close  to  the  inlet,  and  5  feet  3^  inches  above 
the  floor  of  the  main  sump.  The  pipes  are  securely  cement-grouted 
against  the  foundation  brickwork  through  which  they  pass,  and 
have  thus  been  made  perfectly  watfer-tight. 

The  pump-casings,  as  well  as  the  outer  covers,  are  so  constructed 
as  to  be  easily  removed  for  overhaul  without  disturbing  the  suction 
or  discharge-pipes.  Suitable  sight-holes,  with  covers  which  may 
be  easily  removed  and  replaced,  are  provided  on  each  side  of  the 
pump-casing  on  tho  top  of  the  suction  ;  and  provision  is  made  for 
getting  at  the  interior  of  the  pumps  to  admit  of  their  being 
examined,  and  to  give  easy  access  to  the  keys  securing  the  disks  to 
the  pump-shaft.  The  pump  bearings  are  of  white  metal,  one  on 
either  side  of  the  disk,  and  are  each  3  feet  in  length. 

Each  pump  is  fitted  with  a  steam-ejector,  in  order  that  the  air 
can  be  exhausted  in  the  pump-casings  and  suction-pipes,  when 
restarting  the  pumps  after  their  having  been  stopped,  and  when 
the  water  has  been  lowered  a  depth  of  about  4  feet  in  the  dock. 
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The  discharge  from  the  ejectors  is  led  into  the  main  pump 
discharge- culvert.  Each  pump  is  also  provided  with  a  water- 
gauge,  to  indicate  when  the  pump-casing  is  full.  To  each  of  the 
main  pumps  a  sluice-valve,  54  inches  in  diameter,  worked  by- 
hydraulic  power,  is  fixed  to  the  delivery  branch,  to  which  the 
main  delivery-pipe  is  bolted.  These  discharge-pipes,  three  in 
number,  are  carried  through  the  side  wall  of  the  engine  and 
pump-room  into  the  outlet  culvert,  through  which  the  delivery 
is  led  to  the  tideway  at  the  south  end  of  Clarence  Wharf.  At  the 
outer  end  of  each  delivery-pipe  a  properly  balanced  flap-valve,  of 
elm  timber,  known  as  a  "  foal's  foot "  valve,  is  fixed,  and  can  be 
approached  through  a  covered  man-hole,  just  above  the  valve, 
outside  the  engine-house. 

For  the  purpose  of  dealing  with  any  leakage,  or  drain  waters 
from  the  dock  culverts,  which  the  main  pumps  cannot  reach,  an 
auxiliary  pump  has  been  provided.  This  pump  has  suction  and 
discharge-pipes,  each  14  inches  in  diameter.  The  diameter  of  the 
impeller,  or  pump-disk,  is  48  inches.  The  pump  is  driven  by  an 
inverted  direct-acting  compound  cylinder  engine. 

Engines. — There  are,  in  all,  for  the  main  pumping  (see  Plan, 
Fig.  3,  Plate  27;  and  Elevations,  Figs.  4  and  5,  Plate  28), 
three  cross  compound  non-condensing  vertical  engines,  one  set  to 
each  main  pump,  coupled  direct.  The  cylinders  of  these  engines 
are  22  inches  and  38  inches  diameter,  respectively,  with  a  stroke  of 
20  inches ;  they  are  capable  of  running  at  an  average  speed  of 
125  revolutions  per  minute,  and  at  this  speed  the  engines  run 
qTiietly,  due  to  proper  steam  distribution  and  efiicient  balancing. 
They  are  designed  to  suit  a  working  pressm-e  of  160  lb.  per  square 
inch  (100^  F.  superheat)  ;  and  each  set  develops  741  "5  i.h.p.  at  121 
revolutions  per  minute.  They  are  steam-jacketed  around  the  top, 
bottom,  and  sides,  and  are  covered  with  an  asbestos  non-conducting 
composition,  and  cased  with  steel  planished  sheets.  A  water 
service  has  been  provided  for  all  main  bearings. 

The  cylinders,  with  their  jackets,  are  all  automatically  drained, 
by    means    of    pipes   and    steam-traps,    so   that   danger   of    water 
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hammering  is  removed,  and  no  handling-  of  the  drains  by  the 
attendant  is  necessary.  Main  stop-valves  are  balanced,  and  can  be 
worked  with  great  ease,  which  enables  engines  to  be  easily  handled. 
The  steam-pipe  range  is  of  solid-drawn  steel  tubes  throughout,  with 
flanges  riveted  on,  a  large  steam-separator  being  placed  at  the 
bottom  of  the  vertical  pipe  which  leads  from  the  boiler  to  the 
engine-house.  Expansion  in  the  pipe  range  has  been  so  well 
provided  for  that  there  is  no  difliculty  in  keeping  the  joints  tight. 

The  leakage  pump  is  driven  by  a  small  direct-acting  inverted 
cylinder  cross  compound  non-condensing  engine,  coupled  direct. 
This  pump  runs  at  about  300  revolutions  per  minute,  and  is 
intended  for  the  removal  of  such  leakage  water  as  may  find  its  way 
into  the  dock  after  the  main  pumps  have  ceased  to  draw. 

Among  the  various  accessories  to  the  pumping  plant  may  be 
mentioned : — 

A  small  duplex  pump  (Odesse  type),  with  pump-piston  2f  inches 
in  diameter,  and  4-inch  stroke,  is  fitted  on  the  engine-room  floor, 
for  internal  drainage  purposes. 

An  overhead  travelling-crane,  worked  by  hand,  and  capable  of 
lifting  weights  up  to  7  tons,  has  been  provided,  and  travels  just 
below  the  roof.  Fig.  5,  Plate  28. 

An  automatic  water-gauge,  with  vertical  index  board,  has  been 
erected  in  the  engine-room,  in  order  to  indicate  with  facility  the 
level  of  the  water  in  the  graving  dock  at  any  moment.  It  is 
constructed  on  a  scale  of  half  full-size.  The  gauge  is  operated  by  a 
float,  acting  within  a  metal  pipe,  the  latter  being  led  to  the  bottom 
of  the  sump ;  and  the  float  is  placed  in  communication  with  the 
indicator  by  a  cord  of  copper  wire,  led  over  reducing  pulleys,  and  to 
which  a  pointer  is  suspended.  The  arrangement  is  an  ingenious 
and  convenient  one,  the  gauge  being  visible  from  all  essential 
points  in  the  engine  and  pump-room. 

The  following  are  some  of  the  leading  figiures  for  the  pumping 
plant : — 

Diameter  of  Cylinders    .         .         .         .     1  ft.  10  in.  and  3  ft.  2  in. 

Lengtli  of  Stroke 1  ft.  8  in. 

Diameter  of  Piston-Rod  .         .         .     4  in. 
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Diameter  of  Shaft-Journals    . 
Length  of  Connecting-Rod 
Diameter  of  Pump-Impeller   . 
Diameter  of  Pump-Shaft 
Capacity  of  Feed-Heater,  per  hour 
Temperature  of  Feed  in  degrees  F. 
Evaporation  of  Boilers,  per  hour 


8Jin. 
4  ft.  2  in. 
7  ft.  6  in. 
8i  in.-8f  in. 
4,600  lb. 
200°. 
64,000  lb. 


The  pumping  plant  contract  was  carried  out  by  Messrs.  Andrew 
Barclay,  Sons  and  Co.,  of  Caledonia  Works,  Kilmarnock,  and  cost 
altogether  £12,272  7s.  7<Z. 

Hydraulic  Power-Supply  Plant. — This  plant,  Plate  29,  comprises 
two  sets  of  pumping  engines  and  pumps,  and  a  hydraulic 
accumulator,  together  with  the  requisite  water  pressure  and  return 
piping,  and  is  utilized  for  the  work  of  opening  and  closing  the 
travelling  caisson-gate,  the  Kfting  and  lowering  of  the  nine  penstock 
sluice-doors,  the  working  of  the  five  hydi'aulic  capstans,  and  also  of 
the  sluice-valves  in  the  engine-room,  or  to  such  other  purposes  as 
it  may  be  found  necessary,  or  desirable,  to  apply  the  available 
water-power. 

The  pumping  engines  are  direct-acting,  with  two  inverted 
cylinders  arranged  over  the  crankshaft,  and  each  set  of  engines 
operates  two  bucket  and  plunger  pumps,  directly  from  the  piston- 
rod  crossheads.  Each  pair  of  engines  is  capable  of  developing  not 
less  than  166  actual  horse-power,  when  working  with  steam  at 
160  lb.  pressure  per  square  inch,  and  running  at  58  revolutions  per 
minute  ;  and  the  combined  capacity  of  the  two  pairs  of  engines  and 
two  sets  of  pumps  is  that  of  supplying  not  less  than  630  gallons  of 
water  per  minute,  at  750  lb.  pressure  per  square  inch. 

The  cylinders  are  two  in  number,  the  high-pressure  cylinder 
being  17  inches  in  diameter,  and  the  low-pressure  cylinder  36  inches 
in  diameter,  both  having  a  clear  piston-stroke  of  18  inches.  The 
cylinders  and  covers  are  steam-jacketed,  the  cylinder  bodies  being 
covered  with  asbestos  composition,  lagged  with  wood,  and  cased  in 
with  highly  planished  steel  sheets.  The  pistons  are  of  the  Rowan 
type. 
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The  back  columns  are  of  cast-iron,  of  the  box  form,  and  are 
suitably  arranged  to  receive  the  guide-bars  and  pumps,  accurately 
machined  and  attached  to  the  cylinders  and  to  the  bed-plate  by 
bolts  and  nuts.  The  front  columns,  four  in  number,  form  the 
receptacles  for  the  pumps.  The  bed-plate,  which  is  of  the  box 
form,  is  of  cast-iron,  ribbed  and  bracketed  throughout.  The  fly- 
wheel is  of  cast-iron,  of  disk  form ;  it  is  7  feet  in  diameter,  and  is 
12  inches  in  breadth  on  the  face,  being  properly  balanced  to  ensure 
steady  running. 

The  hydraulic  pumps  are  four  in  number,  and  are  of  the  bucket- 
plunger  type,  each  plunger  being  5J  inches  in  diameter  ;  they  have 
a  separate  gland  packed  with  hydraulic  packing.  The  bucket  is 
7^  inches  in  diameter.  The  bucket-valves,  head-valves,  and  foot- 
valves,  are  of  the  multiple  type,  each  set  consisting  of  nine  valves, 
of  1^-inch  diameter.  These  valves  are  cut  from  the  solid,  and  all 
valves,  seats,  and  guards  are  cast  from  a  special  mixture  of 
hard  bronze.  The  stems  at  the  tops  of  the  valves  are  prolonged, 
and  work  in  guides  forming  part  of  the  guards,  each  valve 
being  provided  with  a  spiral  spring  made  from  brass  of  high 
tenacity.  The  glands  for  the  rams  are  of  polished  steel,  each 
being  secured  by  four  turned  steel  studs  of  If-inch  diameter,  and 
all  gland-nuts  are  provided  with  suitable  locking  arrangements. 
Each  inlet  to  any  of  the  suction- valves  is  provided  with  a  stop- 
valve,  and  all  necessary  pipe  connections  between  the  pumps  and 
accumulator  are  provided. 

The  hydraulic  accumulator,  Plate  29,  is  of  the  suspended  type. 
The  ram  is  18  inches  in  diameter,  and  20  feet  stroke  (composed 
of  a  special  cast-iron  mixture  for  hydraulic  work),  turned  all 
over,  and  polished  on  the  working  parts.  It  is  provided  with 
a  special  bayonet  arrangement  to  prevent  its  being  blown  out 
of  the  cylinders.  The  body  of  the  ram  is  2^  inches  thick,  well 
ribbed  and  bracketed  internally,  and  is  cast  in  one  length, 
vertically.  The  top  end  of  the  ram  is  fitted  with  a  cast-steel 
crosshead,  which  is  arranged  to  receive  eight  steel  suspending  bolts, 
for  attachment  to  the  weight  casing. 
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The  cyKnder,  which  is  of  a  special  mixture  of  cast-iron,  is  cast 
in  one  piece,  vertically,  with  a  heavy  sinking  head  cast  on  the 
upper  end.  The  sheU  is  3f  inches  thick.  The  stuffing-box  is 
accurately  bored,  and  is  provided  with  a  bronze  neck-ring,  and  a 
mild  cast-steel  gland,  with  a  gun-metal  liner,  the  gland  being  held 
in  place  by  eight  large  turned  steel  studs  and  nuts.  The  bottom 
end  of  the  cylinder  is  cast  solid,  and  ds  turned  and  faced,  to  suit  the 
socket  on  the  sole-plate.  The  sole-plate  is  of  cast-iron,  in  one 
piece,  well  ribbed  and  bracketed. 

The  weight  casing,  which  is  cylindrical,  is  10  feet  6  inches  in 
diameter,  and  18  feet  in  height.  It  is  weighted  with  a  mass  of 
concrete,  amounting  to  about  78  tons.  The  outer  casing  is 
composed  of  ^-inch  steel-plates,  lap-jointed,  and  stiffened  by  angles 
and  gusset  stays,  the  central  tube  being  made  of  f-inch  steel-plates. 
The  casing  is  well  stiffened,  and  specially  strengthened  at  the 
points  for  attachment  to  the  sling  bolts,  and  has  four  cast-iron 
guide-blocks  to  work  between  double  angles,  which  latter  are  fixed 
to  the  vertical  timber  guide-columns. 

Among  the  accessories  may  be  mentioned  a  cast-iron  suction- 
tank,  10  feet  long,  6  feet  wide,  and  5  feet  6  inches  deep,  which  is 
capable  of  holding  about  2,000  gallons  of  water.  The  tank  is 
provided  with  aU  necessary  and  usual  fittings,  including  float,  gauge, 
pipe  connections,  overflow  pipes,  scour  pipes,  ball-valves,  etc.  All 
parts  which  are  subjected  to  accumulator  pressure  have  been  tested 
to  a  pressure  of  2, .500  lb.  per  square  inch.  The  pressure-pipes  have 
diameters  ranging  between  6  inches  and  3  inches,  and  the  return 
piping  diameters  ranging  between  4  inches  and  7  inches.  These 
pipes  are  of  cast-iron,  composed  of  a  special  mixture  for  hydraulic 
work.  The  pressure-pipes  are  fitted  with  momentum  valves,  where 
necessary.  The  cost  of  executing  the  above  works  amounted  to 
£4,657  128.  lOd. 

Boilers,  Feed-Heater,  and  Steam- Piping, — The  steam  installation, 
Plate  30,  comprises  four  Babcock  and  Wilcox  water-tube  boilers 
of  the  marine  type,  each  having  a  heating  surface  of  3,590 
square   feet   and   a   grate   area  of    105  square  feet.      Each  boiler 
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is  hand-fired  and  is  composed  of  thirty-one  sections  of  tubes,  each 
section  being  eleven  rows  in  height,  the  tubes  being  3j\  inches 
outside  diameter  by  10  feet  9  inches  long.  The  headers  into  which 
the  tubes  are  expanded  are  made  from  ^-inch  mild-steel  plates,  and 
are  provided  (opposite  each  tube  end)  with  an  oval  hand-hole  door, 
having  a  joint  on  the  inside  of  the  header.  The  interior  examination 
and  cleaning  of  each  tube  is  thus  a  very  simple  matter.  The  removal 
of  soot  from  the  outside  of  the  tubes  is  efiected  by  brushes  or 
steam-lances,  these  being  inserted  through  doors  in  the  sides  of 
the  boiler  provided  for  the  purpose.  There  are  eight  of  these  doors 
in  each  boiler. 

The  boilers  are  each  provided  with  a  Babcock  and  Wilcox 
integral  superheater  having  a  heating  surface  of  550  square  feet 
and  being  capable  of  increasing  the  temperature  of  the  steam  by 
100°  F.  at  the  engines.  It  is  worthy  of  note  that  the  radiation 
of  heat  from  the  boiler-casings  is  very  efficiently  minimized  by 
the  fitting  of  a  special  non-conducting  fire  refractory  material 
manufactured  by  Messrs.  Babcock  and  Wilcox,  and  named  by  them 
"  CelKnsulate."  This  material  is  insoluble  and  very  light,  weighing 
only  20  to  23  lb.  per  cubic  foot. 

The  contractors  for  the  pumping  plant  having  stipulated  that 
the  boilers  should  be  capable  of  evaporating  altogether  at  the  rate 
of  64,000  lb.  of  feed-water  per  hour,  it  was  arranged  that  each 
boiler  should  be  capable  of  evaporating  16,000  lb.  of  water  per 
hour.  The  boilers  and  superheaters  have  been  constructed  for  a 
working  pressure  of  170  lb.  per  square  inch,  and  the  various 
pressure  parts  were  tested  hydraulically  to  upwards  of  260  lb.  per 
square  inch. 

The  boiler-house  being  limited  in  width  to  32  feet  6  inches,  it 
became  necessary  to  construct  along  the  interior  of  this  room  an 
overhead  flue  to  carry  away  the  gases  of  the  four  boiler  furnaces 
to  the  chimney.  This  main  flue  varies  in  section  between  6  feet  by 
6  feet  and  9  feet  4  inches  by  7  feet  4  inches  inside  the  boiler  room, 
and  1 1  feet  5^  inches  by  5  feet  5^  inches  outside  the  building  and 
between  the  boiler-house  and  chimney.  It  is  constructed  of  -J-inch 
mild-steel  plate,  lined  on  the  outside  with  2  inches  of  "  Cellinsulate  " 
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and  protected  by  ^\-inch  thick  outer  plating.  The  flue  plates  are 
connected  by  angle-bars,  and  are  stiffened  by  tees,  angles,  etc.,  due 
provision  for  expansion  having  been  made.  The  main  flue  is 
carried  by  columns  and  girders,  the  ends  of  which  latter  on  one 
side  rest  upon  the  boiler-house  wall.  Two  duplex  direct-acting 
steam  feed-pumps  (10  inches  by  6  inches  by  10  inches)  are  provided. 
The  pumps  draw  from  the  water-storage  tank,  and  discharge  into 
the  feed-heater  and  thence  onward  to  the  boilers. 

The  feed-heater,  Fig.  6,  Plate  29,  which  is  of  the  Koyle 
vertical  cylindrical  type,  fitted  with  Row's  indented  tubes,  is 
capable  of  heating  the  feed-water  to  about  200°  F.  at  the  boiler 
pressure  of  170  lb.  per  square  inch  when  working  at  full  power. 
The  feed-heater  is  covered  with  asbestos  non-conducting  composition, 
and  is  sheeted  with  planished  steel. 

The  steam-main  runs  at  the  back  of  the  boilers,  with  which  they 
are  connected  by  means  of  four  5-inch  branch  pipes.  The  piping  is 
10  inches,  7  inches,  5  inches  and  2  inches  diameter,  respectively, 
and  is  composed  of  weldless  mUd-steel.  The  bends  are  of  the 
same  material  and  are  constructed  one  gauge  thicker  than  the 
straight  pipes,  so  as  to  allow  for  the  thinning  action  which  would 
take  place  during  the  operation  of  bending.  The  flanges  are  of 
mild-steel  stamped  out  of  the  solid  and  secured  to  the  pipes  (in  the 
case  of  all  sizes  up  to  and  including  6  inches  diameter)  by  means  of 
a  fine  screwed  thread,  the  ends  of  the  pipes  being  afterwards 
expanded  into  the  flanges ;  in  the  case  of  pipes  7  inches  in  diameter 
and  over,  the  flanges  are  fixed  by  means  of  expanding  and  riveting, 
the  rivet-holes  being  drilled  radially  to  the  centre  of  the  pipe,  burrs 
removed,  and  rivets  driven  by  hydraulic  pressure.  In  both  cases 
the  flanges  are  provided  with  machined  surfaces,  and  are  drUled 
to  the  template  of  the  British  Engineering  Standard  Report, 
Table  No.  2. 

The  branch  connections  are  formed  by  means  of  mild-steel 
nozzles  riveted  to  the  pipes. 

The  scantlings  of  the  pipes  and  flanges  are  as  follows : — = 
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An  auxiliary  steam-main  1^-  inches,  2  inches,  and  2^  inches  in 
diameter,  respectively,  is  carried  over  the  tops  of  the  boilers,  together 
with  the  necessary  1^-inch  diameter  branches  from  the  boilers,  and 
1^-inch  connections  to  the  stop- valves  on  the  pumps.  The  pipes 
are  of  weldless  mild-steel,  with  wrought-steel  flanges  screwed  on 
and  expanded,  as  previously  described  for  main  steam-range.  The 
tee-pieces  are  of  cast-steel,  the  flanges  being  provided  with  machined 
surfaces  and  drilled  to  template.  Necessary  2-inch,  3-inch,  and  4-inch 
diameter  delivery-pipes,  with  duplex  2-inch  branches,  together  with 
the  necessary  valves,  bends,  tee-pieces,  etc.,  are  provided.  The  pipes 
are  of  weldless  mild-steel,  with  wrought-steel  flanges  screwed  on 
and  expanded.  The  tee-pieces  are  of  special  cast-metal,  of  cold 
blast  iron  and  steel,  of  high  tensile  strength.  The  blow-off  cocks 
are  connected  by  1^-inch  branches  into  a  2-inch  main  running  at 
the  back  of  the  boilers  and  terminating  just  outside  the  boiler- 
house  wall.  The  pipes  are  of  weldless  mild-steel,  with  wi-ought- 
steel  flanges  screwed  on  and  expanded ;  the  tee-pieces,  elbows,  etc., 
are  of  special  cast  metal,  as  previously  referred  to. 

Mild-steel  drain-pockets  are  provided  for  the  steam-main,  and 
connected  by  weldless  steel  flanged  piping  to  a  1-inch  diameter 
Geipel  and  Lange  steam-trap.  All  the  steam-piping  has  been 
covered  with  a  superior  description  of  compound,  non-conducting 
composition,  about  2  inches  in  thickness,  which  is  covered  with 
cotton  canvas. 

The  contract  for  the  boilers  was  entrusted  to  Messrs.  Babcock 
and  "Wilcox,  Ltd.,  of  London,  and  cost  altogether  £8,667  3s.  8d. 
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Hydraulic  Capstans. — There  are  in  the  dock  equipment  five 
capstans  which  are  worked  by  hydraulic  power,  three  of  them  being 
of  30  tons,  Plate  31,  and  two  of  11  tons  capacity  each,  Fig.  9, 
Plate  32,  respectively,  the  water-power  by  which  they  are  actuated 
being  supplied  at  a  pressure  of  750  lb.  per  square  inch.  The  delivery 
or  pressure-pipes  vary  between  6  inches  and  3  inches  in  diameter,  and 
the  return  pipes  to  the  accumulator-house  vary  between  4  inches  and 
7  inches  in  diameter.  The  three  largest  of  these  capstans,  Fig.  8, 
are  the  most  powerful  which  have  ever  yet  been  employed  as 
gra\'ing  dock  accessories  at  any  port  in  the  world,  the  next  largest 
size  in  use  in  dockyards  being  those  adopted  by  the  Admiralty, 
which  are  only  of  16  tons  capacity  each. 

The  capstans  are  all  double-powered,  the  three  largest  being 
each  capable  of  giving  a  hauling  stress  of  30  tons  direct  from  the 
capstan  barrel  with  a  single  rope  at  a  speed  of  about  30  feet  per 
minute,  while  their  gearing  is  so  arranged  as  to  give  a  lower 
hauling  stress  of  7^  tons  at  a  speed  of  about  120  feet  per  minute. 
The  two  smaller-power  capstans.  Fig.  9,  are  capable  of  exerting  a 
hauling  stress  of  11  tons  direct  from  the  capstan  barrel,  at  a  speed 
of  30  feet  per  minute,  and  a  speed  of  about  50  feet  per  minute 
when  exerting  the  lower  hauling  stress  of  7  tons. 

The  capstan-heads  are  fitted  with  pawls  for  use  when  it  shall  be 
found  necessary  to  operate  the  capstans  by  hand,  and  for  the  latter 
purpose  eight  hand-spikes  of  ash  have  been  provided,  with  proper 
recesses  in  the  head  of  each  capstan  to  suit  same.  All  those  parts 
of  the  capstans  which  are  subject  to  working  pressure  were  tested 
to  a  pressure  of  2,500  lb.  per  square  inch  before  leaving  the  makers' 
works. 

The  capstan  contract  was  entrusted  to  Messrs.  Sir  W.  G. 
Armstrong,  Whitworth  and  Co.,  Ltd.,  of  Newcastle-on-Tyne,  and 
cost  £3,454  16s.  Sd. 

Caisson  Gate. — The  gate  at  the  entrance  to  the  dock,  Plate  33, 
is  of  the  travelling-caisson  type,  comprised  mainly  of  steel,  and 
having,  at  its  top,  an  automatic  folding  bridge,  which,  by  a  parallel- 
bar  arrangement,  is  lowered  as  it  enters  the  caisson  recess,  and  raised 
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when  it  clears  the  recess.  When  lowered,  the  caisson  can  be 
travelled  upon  rollers  into  a  caisson  recess,  W'hich  latter  is  roofed 
over,  and  is  formed  into  a  roadway  for  vehicular  traffic.  The 
caisson  is  rectangular  in  shape,  one  of  its  sides  being  longer  than 
the  other.  The  shorter  side  is  intended  to  bear  against  the  south 
granite  meeting  faces  of  the  inner  sill  of  the  entrance.  The  longer 
side  is  intended  to  bear  against  the  north  meeting  faces  of  the 
latter  sill,  and  as  well  against  the  granite  meeting  faces  of  the 
outer  sill  of  the  entrance.  So  that  when  the  caisson  is  in  its 
normal  or  inner  track  the  length  of  the  dock  on  the  floor  is 
850  feet,  and  when  it  is  placed  against  the  meeting  faces  of  the 
outer  sill  the  length  is  886  feet  7  inches.  This  interchangeability 
has  been  found  to  be  of  the  utmost  value  in  the  docking  of  the 
S.S.  "  Olympic  "  and  "  Titanic." 

The  caisson  is  in  length  on  one  side  103  feet  4  inches,  and  on 
the  other  side  98  feet  4  inches.  It  is  in  clear  width  over  the 
greenheart  meeting  faces  18  feet  4  inches,  and  in  height  from  the 
bottom  of  the  keelsons,  which  bear  upon  the  rollers,  to  the  roadway 
surface  of  the  folding  bridge  42  feet  4  inches,  which  latter  is  level 
with  the  coping  of  the  side  walls  of  the  dock  entrance.  The 
caisson  is  divided  into  two  compartments,  the  lower  of  the  two 
being  an  air-chamber,  and  the  upper  a  water-ballast  chamber  ;  the 
latter  is  provided  with  valves,  two  on  either  side  of  the  caisson, 
by  the  manipulation  of  which  the  tidal  water  may  be  admitted 
or  excluded  as  may  be  desired  and  as  may  be  found  necessary. 
When  the  caisson  is  in  place,  in  order  to  counteract  its  tendency 
to  rise  as  the  tidal  rise  increases,  it  may  be  necessary  to  open  the 
valves  on  the  seaward  side,  so  that  the  tide  may  ebb  and  flow  in 
the  water-ballast  chamber,  or  to  close  those  valves  to  retain  any 
constant  desired  quantity  of  water  in  the  latter  chamber  for 
steadying  purposes.  A  water-tight  deck  divides  the  above  two 
compartments,  and  the  valves  referred  to  are  placed  at  this  deck 
level,  bends  being  led  from  them  on  both  sides  of  the  caisson 
below  the  level  of  the  dock  and  communicating  with  the  tideway. 
These  bends  are  fitted  with  proper  I'ose  heads  in  order  to  prevent 
floating  matter  from  being  carried  into  the  chamber.     The  valves 
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and  tlieir  seats  are  of  gun-metal,  and  the  former  are  controlled 
from  a  partial  deck  about  5  feet  below  the  upper  surface  of  the 
roadway  bridge  of  the  caisson.  In  order  to  gain  admission  to  the 
lower  or  air-chamber  of  the  caisson,  two  vertical  water-tight  tubes 
or  trunks,  30  inches  in  diameter,  are  provided,  and  are  fitted  with  a 
man-hole  and  cover,  bolted  on,  and  so  placed  as  to  clear  the  folding 
bridge  platform  Avhen  down.  Ladders  are  fixed,  one  in  each  trunk, 
leading  to  the  bottom  of  the  caisson.  Two  similar  ladders  are 
provided  for  giving  access  to  the  water-tight  deck.  At  the  bottom 
of  the  air-chamber  are  stowed  the  portable  ballast-blocks,  which 
are  of  concrete,  12  inches  by  12  inches  by  6  inches,  and  weighing 
each  about  70  lb.  Below  this  portable  ballast  there  is  the 
permanent  ballast,  consisting  of  concrete,  laid  in  situ  in  the 
ordinary  way.  The  total  weight  of  concrete  ballast  found  necessary 
amounts  to  986  tons,  of  which  the  weight  of  the  permanent  ballast 
is  288  tons,  and  that  of  the  portable  ballast  698  tons.  With  this 
quantity  of  ballast  the  caisson  will  float  when  the  water-ballast 
chamber  is  empty,  the  draft  being  30  feet,  and  with  a  depth  of 
water  on  the  entrance  siU  of  35  feet  3  inches.  The  structural 
weight  of  the  caisson  is  about  455  tons,  which,  together  with  all 
ballast,  amounts  to  a  total  weight  of  1,441  tons.  The  caisson, 
w'hen  in  its  normal  track,  rests,  by  its  two  longitudinal  steel 
keelsons  of  8  inches  by  4  inches  section,  upon  fifty-two  cast-iron 
rollers  placed  in  cast-iron  roller-boxes,  which  latter  are  built  into 
the  floor  of  the  caisson  track.  The  roller  spindles  are  of  mild 
steel  lined  with  gun-metal. 

When  the  lengthening  of  the  dry-dock  space,  beyond  850  feet 
on  its  floor,  becomes  necessary,  the  hauling  yoke  of  the  caisson  is 
temporarily  disconnected,  the  several  valves  of  the  water-chamber 
are  closed,  and  as  the  water  rises  and  the  displacement  of  the 
caisson  becomes  equal  to  its  floating  weight,  the  vessel  will  float 
and  can  be  removed,  as  a  ship  or  pontoon,  to  the  outer  meeting  face 
of  the  dock  entrance  above  the  apron.  The  valves  are  then  opened 
and  the  caisson  is  sunk  in  the  outer  track. 

The  caisson  framing  is  composed  of  steel  angle-bars  and  plates, 
as  follows  : — 
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The  frames  are  of  angle- bars  4  inches  by  3  inches  by 
^  inch,  spaced  18  inches  apart,  and  vertical  and  bottom  corner 
angles  4  inches  by  4  inches  by  ^  inch.  The  frames  are  cut  at  the 
water-tight  deck,  and  are  connected  to  same  by  plate  brackets 
22  inches  by  18  inches  by  -^^  inch  above  and  below.  The  upper 
brackets  are  connected  to  the  deck  by  an  angle  3  inches  by  3  inches 
by  2^  inch,  one  on  every  frame.  The  alternate  frames  at  the 
bottom  are  connected  to  the  floor-plates,  and  the  outer  frames  are 
connected  to  plate  brackets  18  inches  by  18  inches  by  ^  inch,  and 
3  inches  by  3  inches  by  ^  inch  angles  on  bottom.  All  frames 
extend  from  the  top  of  the  bottom  corner  angles  to  the  underside 
of  the  water-tight  deck,  and  from  the  top  of  the  water-tight  deck 
stringer  angle  to  the  underside  of  the  rail  angle.  The  vertical 
corner  angles  extend,  in  one  length,  from  the  bottom  of  the 
caisson  to  about  12  inches  above  the  water-tight  deck,  and  a  short 
length  from  thence  to  the  I'ail  angle. 

The  bottom  floors  are  30   inches  deep  by  ^  inch  thick,  spaced 

3  feet  apart,  the  bottom  angle  being  3  inches  by  3  inches  by  ^  inch, 
and  the  top  angle  3  inches  by  3  inches  by  /^  inch.  The  bottom 
angle  extends  from  the  inner  edge  to  the  inner  edge  of  the  bottom 
corner  angles,  the  top  angles  extending  from  heel  to  heel  of 
frames. 

The  plating  of  the  water-tight  deck  floor  is  ^^  inch,  with  all 
butts  and  seams  overlapped,  seams  single,  and  butts  double-riveted, 
£-inch  diameter  rivets  throughout,  spaced  2f  inches  in  butts, 
5j  inches  in  beams,  and  3  inches  in  seams.  The  stringer  angle 
on  the  upper  side  of  the  deck  is  3  inches  by  3  inches  by  ^  inch, 
riveted  to  the  shell  with  £-inch  rivets,  spaced  3  inches  apart.  The 
beams  carrying  the  deck  are  5  inches  by  3  inches  by  ^  inch  angles, 
spaced  18  inches  apart,  and  secured  to  the  frames  with  o^o^iiich 
plate   knees.      The    cross-beams   under   the   water-tight   deck   are 

4  inches  by  4  inches  by  ^  inch  angles,  and  those  above  the  water- 
tight deck  are  3  inches  by  3  inches  by  h  inch,  spaced  3  feet  apart, 
and  secured  to  the  frames  by  plate  knees,  -^^  inch  in  thickness. 
The  vertical  supports  below  and  above  the  water-tight  deck  are 
3^  inches  by   3^  inches  by  ^  inch,  and   3   inches  by  3  inches  by 
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^  inch,  respectively,  secured  to  the  beams  with  one  rivet  in  each. 
The  stringers  below  the  water-tight  deck  ai^e  of  plates,  18  inches 
by  -^-Q  inch,  and  angles  3^  inches  by  3^  inches  by  ^  inch,  and 
those  above  that  deck  are  15  inches  by  4^  inch  and  21  inches  by 
■^^  inch,  the  angles  being  3^  inches  by  3.^  inches  by  -^-^  inch.  All 
butts  are  overlapped  and  are  single  riveted,  ;|-inch  rivets 
throughout,  spaced  3^^  inches  apart  in  butts,  and  4^  inches  in 
angles. 

The  shell  plating  of  the  caisson  is  as  follows : — 


1st  strake  of  sides  and  ends 

2nd  „ 

3rd  and  4th  ,, 

5th  and  Gth  ,, 

7th  „ 

8th  „ 

9th  „ 


-11  ir 


_  j  inch  thick. 

Miiich 

^inch 

1^  inch 
sV  inch 
2^TT  iiich 


The  bottom  plates  are  ^J-  inch  in  thickness. 

All  plates  are  lapped,  the  seams  being  single,  and  the  lap-butts 
double-riveted  throughout.  The  spacing  of  the  rivets  in  the  butts 
is  2f  inches,  in  the  frames  5j  inches,  and  3  inches  in  the  seams. 
The  bottom  plating  in  the  way  of  the  keelsons  have  flush  butts 
with  double-riveted  straps  inside,  and  aU  bottom  riveting  is 
knocked  down  from  the  inside.  Four  adjusting  boxes,  with  screw 
and  links  of  steel,  are  fitted  to  the  ends  of  the  caisson,  two  at 
either  end.  They  are  worked  from  the  upper  stringer  by  means  of 
a  key.  These  are  for  bearing  the  caisson  up  against  the  granite 
meeting  faces. 

The  two  endless  hauling  chains,  which  are  supported  by  twenty 
cast-iron  roUers  along  each  side  of  the  caisson  recess,  are  1^  inches 
short  link.  The  driving-shafts  are  8f  inches  and  8  inches  in 
diameter,  respectively,  each  having  a  boss  for  a  chain-pulley,  and 
cast-iron  couplings  are  turned  and  keyed  on  the  shafts,  and  are 
fitted  with  turned  bolts  and  nuts. 

The  contract  for  the  caisson  was  entrusted  to  Messrs.  Hanna, 
Donald  and  Wilson,  of  Paisley,  the  total  cost  amounting  to 
£15,454  12s.  7tZ. 
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Caisson  Hauling  Plant. — The  hydraulic  plant,  Fig.  10,  Plate  33, 
which  has  been  provided  for  the  hauling  of  the  caisson  gate  either 
into  or  out  of  the  recess  in  the  process  of  opening  or  closing  the 
dock,  is  housed  in  an  underground  chamber  on  the  eastward  side 
of  the  dock  entrance.  It  is  capable  of  being  actuated  either  by 
hydraulic  power,  or,  in  case  of  emergency,  by  manual  power.  The 
machinery  is  coupled  up  to  a  driving-shaft  in  the  caisson  recess, 
which  shaft  is  provided  with  two  sprocket  wheels  engaging  a  pair 
of  endless  chains  that  are  attached  to  the  hauling  yoke  fitted  on 
the  end  of  the  caisson ;  the  chains  are  supported  on  a  series  of 
rollers  placed  along  both  sides  of  the  caisson  recess  5  feet  and 
6  feet  9  inches,  respectively,  below  the  surface  of  the  quay.  When 
this  machinery  is  being  worked  by  hydraulic  power  under  the 
accumulator  pressure  before  referred  to,  it  is  capable  of  exei'ting  a 
hauling  force  of  24  tons  on  the  caisson  at  a  speed  of  14^  feet  per 
minute,  or  12  tons  at  a  speed  of  29  feet  per  minute. 

The  hydraulic  engine  is  of  the  horizontal  type  mounted  on  a 
cast-iron  bed-plate,  and  has  three  cylinders  fitted  with  rams, 
crossheads,  and  connecting-rods  acting  directly  on  the  crankshaft. 
The  cyKnders  and  rams  are  of  gun-metal,  and  the  crossheads  are  of 
steel  with  gun-metal  faces  working  in  guides  on  the  bed-plate. 
The  connecting-rods  are  of  steel  with  adjustable  gun-metal  brasses 
at  both  ends.  The  forged  steel  crankshaft  works  in  beai-ings 
carried  by  the  bed-plate  and  fitted  with  adjustable  gun-metal 
brasses.  The  working  valves  are  of  gun-metal  of  the  slide  pattern, 
actuated  by  eccentrics  on  the  crankshaft  and  fitted  with  reversing 
slides  which  actuate,  through  a  shaft  and  levers,  by  a  hydraulic 
cylinder  of  gun-metal.  The  spur-gear  is  provided  with  two  sets  of 
gearing  wheels  to  give  the  two  powers  above  referred  to,  a  clutch 
being  fitted  for  putting  either  set  of  gear  into  or  out  of  gear ;  the 
clutch  is  actuated  by  a  portable  hand-lever  from  above  the  quay 
level.  The  hand  gear  consists  of  a  head  with  sockets  for  hand- 
spikes and  bevel  gearing  driving  on  to  the  intermediate  shaft.  All 
the  gearing  is  of  steel  with  machine-cut  teeth,  and  mounted  on 
steel-shafts  working  in  bearings  having  adjustable  gun-metal 
brasses.     A  brass-lined  stufting-box   and   gland   are    placed  at  the 
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connection  between  the  hauling  plant  and  the  main  shaft  in  the 
caisson  recess,  for  the  purpose  of  preventing  the  entry  of  the  tidal 
water  from  the  latter  into  the  machinery  chamber.  The  motion  of 
the  hydraulic  engine  is  controlled  by  a  gun-metal  valve  operated 
by  a  portable  hand-lever  from  above  the  quay  level ;  the  reversing 
cylinder  being  operated  by  means  of  the  same  valve  and 
lever. 

This  contract  w^as  entrusted  to  Messrs.  Sir  W.  G.  Armstrong, 
Whitworth  and  Co.,  Ltd.,  of  Newcastle-on-Tyne,  and  cost 
£921  19s.  2d. 

Penstock  Doors  for  Culverts. — There  are  nine  penstock  sluice- 
doors  on  the  various  dock  culverts,  namely,  four  9  feet  by  9  feet, 
one  7  feet  6  inches  by  6  feet,  and  four  7  feet  6  inches  by  5  feet, 
clear  openings.  Fig.  11,  Plate  34.  These  doors  are  operated  by 
hydraulic  power  supplied  at  a  pressure  of  750  lb.  per  square  inch, 
and  are  arranged  that  in  case  of  a  failure  of  the  water-pressure  the 
sluices  can  be  opened  and  closed  by  hand  power.  The  doors  are 
double  faced,  and  are  constructed  of  greenheart  beams.  For  the 
9  feet  by  9  feet  doors  there  are  ten  beams,  each  10  feet  8  inches 
long  by  13  inches  deep  and  18  inches  wide.  Each  door  has  a 
massive  cast-iron  beam  at  the  top,  having  eyes  to  receive  the  pin 
which  connects  the  sluice-rods  to  the  door. 

The  greenheart  and  cast-iron  beams  are  aU  carefully  dressed 
and  fitted  to  each  other,  and  are  secured  by  seven  2;|-inch  bolts 
passing  right  through  the  full  depth  of  the  door,  and  are  fitted 
with  cast-iron  countex'sunk  washers  at  the  bottom  end,  the  whole 
being  made  perfectly  water-tight.  The  hydraulic  cylinder  for 
operating  the  door  is  of  cast-iron,  20f  inches  inside  diameter,  bored 
out  through  its  entire  length ;  the  thickness  of  the  metal  of  the 
cylinder  is  3|  inches,  and  strong  brackets  are  cast  on  and  rest  on 
two  mild-steel  box-girders  18  inches  by  21  inches,  built  into  the 
wall  of  the  chamber ;  the  cyHnder  is  securely  fixed  to  the  girders 
by  four  3i-inch  bolts.  It  is  also  provided  with  the  necessary 
inlets,  air,  and  frost  cocks. 
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The  piston  is  of  gun-metal,  in  three  pieces,  having  two  leather 
cups,  and  is  secured  to  the  piston-rod  by  a  gun-metal  nut.  The 
piston-rod  is  fitted  with  a  strong  cast-iron  crosshead,  having  eyes 
for  the  sluioe-rods,  which  extend  from  the  crosshead  to  the  door 
and  which  are  secured  by  pins  at  each  end.  The  sluices  are 
operated  by  a  1-inch  double-ported  slide-valve,  carried  on  a  cast- 
iron  bracket,  which  is  bolted  to  the  masonry  at  the  top  of  the 
chamber,  this  being  fitted  with  a  1-inch  stop- valve,  a  tee-piece  bend 
and  a  connection  for  hand  power ;  and  all  tiie  necessary  piping 
between  valve  and  cyKnder  is  supplied. 

The  valves  are  operated  by  a  hand-lever  made  so  as  to  be 
removable  and  working  through  a  slot  in  the  chamber  covers. 
The  door,  7  feet  6  inches  by  6  feet  in  the  clear,  is  constructed  on  the 
same  lines  as  above ;  the  greenheart  beams  being  eight  in  number, 
7  feet  long  12f  inches  deep  by  14  inches  wide,  are  bolted  together 
by  five  2|-inch  tie-bolts.  The  cylinder  for  operating  same  is  15^ 
inches  diameter  and  2^-inch  metal ;  in  this  case  the  cylinder  has 
strong  brackets  or  feet  cast  on  for  fixing  to  the  granite  wall  of  the 
chamber,  which  is  done  by  four  2-inch  bolts  ;  and  in  addition  it  is 
secured  to  the  opposite  wall  of  the  chamber  by  strong  bolts  and 
heavy  cast-iron  brackets  built  into  the  wall.  Suitable  mild-steel 
sluice-rods  extend  from  the  piston-rod  to  the  door,  and  where 
necessary  the  rods  are  made  in  suitable  lengths,  jointed  jtogether 
by  strong  socket  couplings  and  cotters  and  guided  by  cast-iron 
guides  fixed  to  the  wall.  The  four  7  feet  6  inches  by  5  feet  doors 
are  also  constructed  as  above,  the  greenheart  beams  being  eight  in 
number,  6  feet  long,  12f  inches  deep  and  13  inches  wide,  and  they 
are  bolted  together  by  five  2-inch  tie-bolts. 

The  cylinders  are  10  inches,  11^  inches  and  12^  inches  diameter, 
respectively,  according  to  the  head  or  depth  under  which  the 
sluices  requii-e  to  work,  the  thickness  of  metal  being  If  inches, 
1|^  inches,  and  2  inches.  The  operating  slide-valves  are  f  inch 
diameter. 

The  chamber-covers  for  all  the  sluices  are  of  cast-iron  chequered 
on  the  top,  and  placed  in  a  check  made  in  the  granite  masonry. 
Slots  and  eyes  are  founded  in  the  plates  through  which  to  reach 
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the  working  valves,  so  that  the  sluices  can  be  operated  without 
removing  the  plates.  All  those  parts  which  are  subjected  to 
hydraulic  pressure  are  designed  for  a  working  pressure  of  750  lb. 
per  square  inch,  and  w^ere  tested  to  a  pressure  of  2,500  lb.  per 
square  inch. 

The  contract  for  the  penstock  doors  and  hydraulic  operating 
gear  was  entrusted  to  Messrs.  Glenfield  and  Kennedy,  Ltd.,  of 
Kilmarnock,  the  cost  altogether  amounting  to  £2,929  14s.  2d. 

Pumping  Station  Buildings. — The  contract  for  the  handsome  pile 
of  buildings,  which  has  been  erected  to  contain  the  pumping  and 
hydraulic  plant  and  boHere,  together  with  the  factory  chimney, 
180  feet  in  height  above  the  ground  line,  was  entrusted  to  Messrs. 
McLaughlin  and  Harvey,  Ltd.,  of  Belfast,  and  cost  .£9,521  18s.  8d. ; 
which  sum  includes  only  the  buildings  of  the  engine  and  boiler- 
house,  hydrauHc  room,  and  chimney,  above  ground  line. 

The  Paper  is  illustrated  by  Plates  27  to  34  and  2  Figs,  in  the 
letterpress. 


Discussion. 


The  President,  in  moving  a  vote  of  thanks  to  the  author  for 
his  interesting  account  of  an  important  w'ork,  said  the  Members 
had  been  given  an  illustration  of  the  advantages  they  possessed  in 
coming  to  Belfast.  Belfast  was  famous  for  things  which  it  did  in 
the  biggest  manner.  It  had  the  biggest  shipbuilding  yard  ;  it  had 
the  biggest  dock ;  it  had  the  biggest  flax  works,  and,  he  believed, 
the  biggest  distillery.  On  the  following  day  the  Members  would 
have  the  opportunity  of  seeing  the  machinery  which  the  author 
had  described.  The  Paper  was  not  one  which  lent  itself  to 
prolonged  discussion,  because  it  was  simply  an  account  of  an 
interesting  work,  in  connection  with  which  the  area  for  diflerence 
of  opinion  was  not  great. 

The  resolution  of  thanks  was  carried  by  acclamation. 
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Mr.  Charles  J.  Hobbs,  in  opening  the  discussion,  said  that 
personally,  as  a  manufacturer  and  as  one  interested  in  hydraulic 
machinery,  he  congratulated  the  author  on  the  choice  of  the 
contractors  whose  names  he  gave  in  the  Paper  and  who  were 
entrusted  to  carry  out  the  work.  He  also  congratulated  the  author 
on  being  able  to  purchase  his  machinery  at  a  very  low  price.  His 
own  company  was  not  successful  in  obtaining  an  order  for  any  of 
the  work ;  but  he  remembered  at  the  time  that  trade  was  not  as 
good  as  it  was  at  present,  and  for  that  reason  the  author  was 
fortunate  in  the  cheap  price  at  which  he  was  able  to  place  the 
work.  He  was  also  very  pleased  to  find  that  the  author  had 
adopted  hydraulic  power.  He  might  mention  that  at  the  present 
time  another  large  dock  was  being  built,  known  as  the  Hull  Joint 
Dock,  under  the  superintendence  of  the  joint  engineers  of  the 
North  Eastern  Kailway  and  the  Hull  and  Barnsley  Kailway,  and 
hydraulic  power  was  also  being  used  there  for  the  same  purposes, 
namely,  for  the  larger  capstans,  the  penstock  machinery  and  the 
dock-gate  machinery,  which  answered  the  same  purpose  as  the 
caisson  machinery  in  the  author's  case,  while  electricity  was  being 
used  for  some  of  the  other  details. 

He  noticed  on  the  previous  day  when  going  along  the  river 
that  a  great  deal  of  steam-power  was  used  for  the  manipulation  of 
coal  along  the  dock  side ;  he  referred  to  the  coal  wharves  neai-ly 
opposite  Messrs.  Harland  and  Wolffs  Works  ;  and  as  he  believed 
there  was  some  prospect  of  these  ci-anes  being  altered,  he  hoped 
that  the  authorities  would  adopt  the  idea  of  using  hydraulic  power. 
He  did  not  wish  to  start  a  discussion  on  hydraulics  versus  electricity, 
although  this  was  a  typical  case  where  hydraulic  power  might  be 
used  with  advantage,  inasmuch  as  the  height  of  lift  and  load  to  be 
raised  were  constant,  and  these  were  advantages  telling  in  favour  of 
hydraulic  power. 

The  author  had  referred  in  a  very  clear  manner  to  the  reason 
for  the  use  of  compound  engines  non-condensing.  There  were, 
howevei',  one  or  two  points  he  would  like  to  raise  in  connection  with 
the  design  of  the  engines  which  he  could  not  quite  follow,  because 
the  illustration  on  Plate  29  was  drawn  to  a  very  small  scale.     He 
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gathered  from  the  drawing  that  the  pump-bodies  were  cast  in  one 
with  the  front  vertical  engine  frames.  It  had  occurred  to  him  that 
that  was  liable  to  lead  to  trouble.  In  the  event  of  the  pump-body 
breaking,  which  sometimes  occurred,  it  meant  that  the  whole  of  the 
front  frame  would  have  to  be  removed  and  renewed.  He  was  not 
quite  sure  whether  that  was  the  case  or  not ;  but  the  members 
would  have  an  opportunity  of  seeing  the  machinery  in  question  on 
the  following  day.  It  looked  as  if  the  pump-body  and  the  delivery- 
pipe  and  the  suction  and  delivery  valve-bodies  were  all  cast  in  one 
piece  with  the  front  columns. 

He  noticed  that  the  author  referred  on  page  666  to  the  Admiralty 
capstans,  which  had  16  tons  capacity.  It  was  quite  correct  that 
that  was  the  largest  size  the  Admiralty  had  adopted  up  to  the 
present,  the  last  ones  ordered  being  for  Chatham,  and  these  his  iirm 
were  manufacturing  at  Chester  at  the  present  time.  In  the  latter 
design  the  cylinders  were  not  arranged  with  three-throw  cranks,  as 
shown  in  the  Fig.,  but  with  two  cylinders,  double-acting,  on  cranks 
at  right  angles.  In  concluding,  he  hoped  Mr.  Kelly  could  see  his 
way  to  separate  some  of  the  costs  given  in  the  Paper  for  some  of 
the  details,  as  this  would  no  doubt  be  useful  for  future  reference. 

Mr.  T.  F.  Shillington  said  that,  as  a  Member  of  the  Belfast 
Harbour  Board,  he  felt  it  difficult  to  speak  altogether  impartially 
in  regard  to  a  work  just  recently  carried  out  by  the  Harbour 
Commissioners  themselves.  In  the  first  place,  he  wished  to 
acknowledge  the  author's  recognition  of  the  fact  that  the  Harbour 
Commissioners  had  at  all  times  shown  a  desire  to  further  the 
shipbuilding  industry  and  everything  connected  with  the  pi'ogress 
of  the  port ;  but  if  he  were  to  go  on  in  that  line  those  present 
would  think  that  the  Harbour  Commissioners  were  more  a 
society  for  mutual  admiration  than  for  looking  after  their 
legitimate  business.  In  large  works  of  the  kind  under  discussion 
he  was  quite  sure  that,  notwithstanding  the  best  intentions  of  those 
who  had  to  carry  them  out,  there  were  some  things  which  on 
looking  at  afterwards,  one  might  like  to  have  carried  out  difierently, 
and  that  if  they  had  to  do  the  same  thing  again  they  perhaps  would 
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try  to  do  better.  But  it  was  not  probable  that  Belfast  would  often 
have  a  chance  of  spending  £350,000  on  a  dock,  so  that  the  present 
Commissioners  were  not  likely  to  have  an  opportunity  of  making 
use  of  the  experience  thus  gained. 

The  engineering  difficulties  had  been  enormous.  The  foundations, 
which  he  supposed  were  more  a  matter  for  the  consideration  of 
Civil  Engineers  than  for  Mechanical  Engineers,  caused  great  trouble 
owing  to  running  sand,  and  anyone  who  had  had  experience  in  this 
subject  knew  the  great  difficulty  of  dealing  with  sand  after  it  had 
got  in  motion.  If  the  ti"Ouble  was  overcome  in  one  place,  it  was 
always  liable  to  crop  out  in  another,  and  that  caused  the  author  and 
all  connected  with  his  department  an  immense  amount  of  labour 
and  anxiety. 

He  was  glad  to  say  that  all  the  obstacles  had  been  surmounted, 
and  that  the  dock  as  at  present  completed  was  a  monument  that 
would  last  as  long  as  Belfast  was  in  existence.  The  only  prospect 
of  alteration  was  in  regard  to  the  possible  lengthening  of  the  dock, 
as  shipbuilders  were  likely  to  go  ahead  in  the  construction  of  even 
longer  vessels.  They  had  already  heard  of  bigger  things,  not  only 
in  this  country  but  elsewhere,  and  it  was  quite  possible  that  in  the 
future  they  would  have  to  lengthen  the  dock.  In  that  case  they 
might  have  to  face  again  some  of  the  difficulties  with  which  they 
had  had  to  contend  in  the  past. 

Mr.  William  H.  Patchell  (Member  of  Council)  said  that 
there  were  one  or  two  points  on  the  engineering  side  of  the  question 
that  he  would  like  to  ask.  He  congratulated  the  author  on  the 
very  able  way  in  which  he  had  read  the  abstract  of  his  Paper,  and 
the  short  and  pithy  way  in  which  he  had  put  it  and  additional 
details  before  the  Members.  He  had  intended  to  ask  why  he  had 
adopted  non-condensing  engines,  but  this  question  was  partly 
explained  by  the  striking  fact,  now  mentioned  by  the  author,  that 
the  pumps  were  only  used  for  104  hours  per  annum.  If  condensing 
engines  had  been  installed,  the  boiler  plant  could  have  been  cut 
down  considerably.  He  hoped  the  author  would  say  a  little  more 
about  the  pumps,  as  it  would  be  of  interest  to  know  whether  they 
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were  self -regulating  or  whether  they  were  regulated  by  hand.  The 
quantity  to  be  discharged  was  given  as  21,000,000  gallons  in 
100  minutes.  This  gave  an  average  discharge  of  70,000  gallons 
per  pump  per  minute.  The  maximum  lift  was  33  feet,  and  it  was 
evident  that  the  740  h.p.  pumping  engines  could  not  handle  70,000 
gallons  against  a  33-foot  head,  as  that  would  mean  an  over-all 
efficiency  of  over  94  per  cent.,  so  some  method  of  regvilating  was 
necessary ;  and  he  would  be  glad  if  the  author  could  supplement 
his  Paper  with  particulars  of  the  pump  duties  and  efficiencies  under 
the  regulating  conditions  for  the  maximum  and  minimum  lifts. 

He  noticed  also  that  the  dock,  which  was  of  the  enormous 
length  of  850  feet,  was  not  divided,  but  from  the  plan  he  noticed 
the  dock  alongside  appeared  to  be  divided  by  two  inner  doors. 
Possibly  the  adoption  of  a  middle  door  to  the  dock  would  enable  it 
to  be  used  more  often  in  the  year  than  appeared  to  be  the  case  at 
present. 

\Yith  regard  to  the  question  of  hydrauHc  capstans,  a  hauling 
stress  of  30  tons  at  30  feet  a  minute  was  mentioned  as  the  capacity 
of  the  most  powerful  capstans  ever  yet  employed.  This  only 
meant  900  foot-tons  per  minute  or  about  60  eflfective  h.p.  He  dared 
not  say  anything  disrespectful  about  the  efficiency  of  hydraulic 
machinery  in  the  presence  of  the  President,  and  would  leave  the 
figure  of  the  i.h.p.  of  the  haulage  engine  subject  to  any  correction 
for  efficiency  that  the  President  insisted  on.  He  suggested, 
however,  that  a  60  h.p.  haulage  engine  was  not  by  any  means  a 
large  one. 

He  would  also  be  glad  if  tlie  author  would  give  a  few  more 
details  about  his  .steam-engine  plant,  because  apparently  the  water 
per  i.h.p.  per  hour  worked  out  very  nearly  at  30  lb.  per  h.p.-hour. 
Possibly  he  worked,  as  they  did  in  America,  for  an  over-aU 
commercial  efficiency  in  a  plant  which  was  of  a  very  robust  type 
and  without  refinements,  and  which  could  be  looked  after  practically 
by  unskilled  men.  He  thought,  however,  that  in  Belfast  it  would 
have  been  quite  easy  to  obtain  skilled  men,  and  that  some  little 
refinements  as  regards  fuel  might  have  been  worthy  of  consideration, 
because  fuel  had  to  be  imported  into  Ireland. 
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He  was  glad  to  notice  that  the  author  had  adopted  the  British 
Engineering  Standard  specification  for  steam-pipe  flanges, 
particularly  as  regards  the  thick  flange.  Dr.  Maw  was  the 
Chairman  of  the  Pipe  Flanges  Committee,  and  the  question  of  the 
thickness  of  flange  was  very  carefully  considered.  Personally  he 
stood  out  on  the  Committee  for  a  thick  flange,  because  he  believed 
in  heavy  steam-pipe  flanges,  as  they  made  for  sound  work  and 
saved  time  in  erection.  The  joint-rings  could  be  dropped  in 
between  the  bolts  after  the  pipes  had  been  erected,  and  a  very 
strong  joint  was  obtained.  He  was  rather  astonished  lately  to  see 
in  a  Home  Office  Memorandum  on  Steam  Boilers — a  statement 
practically  prohibiting  the  joint  inside  the  bolt  circle ;  it  was, 
without  reserve,  held  up  as  an  object  of  execration.  He  regretted 
that  should  be  done  in  a  Government  publication. 

Mr,  Walter  Dixon  said  the  Paper  was  one  dealing  with  facts, 
in  connection  with  which  two  or  three  points  stood  out  prominently. 
In  the  first  place,  the  author  referred  to  the  new  graving  dock  at 
Belfast  as  being  the  largest  in  the  kingdom.  He  happened  to 
come  from  a  city — Glasgow — which  was  contemplating  at  the 
present  moment  making  an  even  larger  dock  than  the  one  that  had 
been  built  at  Belfast.  As  had  been  pointed  out  by  the  author,  it 
was  necessary  for  engineers  to  bear  in  mind  the  growing  necessities 
not  only  of  the  merchant  service,  but  also  of  the  Admiralty ;  and 
therefore  a  Paper  containing  such  information  as  that  embodied  in 
Mr.  Kelly's  Paper  called  for  special  consideration. 

The  first  point  that  struck  him  was  that  the  dock  was  started 
seven  years  ago,  and  natux-ally  during  that  period  a  considerable 
change  had  been  taking  place  in  engineering  practice.  His  mind 
went  back  from  the  present  Meeting  to  what  the  Members  saw  in 
Switzerland  in  the  previous  year.  While  the  plant  which  had  been 
installed  in  the  Belfast  Dock  was  no  doubt  excellent,  another  phase 
of  things  has  arisen  since  seven  years  ago.  He  did  not  wish  for  a 
moment  to  enter  into  the  question  of  electricity  versus  hydraulics, 
nor  the  advent  of  the  Diesel  engine,  but  he  thought  any  plant 
installed  in  a  dock  similar  to  that  dealt  with  in  the  Paper  would 
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naturally  call  for  reconsideration  in  view  of  the  many  things  that 
had  happened  in  the  past  seven  years. 

The  author  enlarged  upon  another  point  in  his  remarks  which 
personally  he  thought  were  most  interesting.  He  had  mentioned 
that  the  dock  cost  .£.350,000,  but  it  was  rather  startling  to 
mechanical  engineers  to  hear  that  the  machinery  cost  only  about 
10  per  cent,  of  the  total  sum  expended.  Leaving  out  the  cost  of 
the  caissons,  he  found  that  of  the  £350,000  only  about  £30,000 
was  spent  on  the  machinery.  As  one  of  the  speakers  had  already 
pointed  out,  he  did  not  think  the  machinery  poi'tion  should  have 
been  cramped.  If  £300,000  was  expended  on  the  dead  plant,  the 
question  of  the  cost  of  the  machinery  or  the  actuating  part  of  the 
undertaking  was  a  mere  detail.  Of  course  the  question  of  working 
cost  came  in ;  but  when  it  was  borne  in  mind  that  steam  had  to 
be  kept  up  in  the  plant  more  or  less  constantly,  he  thought  it 
would  be  found  that  engineers  in  designing  future  docks  of  a 
similar  kind  would  hesitate  very  greatly  before  installing  steam 
plant  which  must  be  kept  going  constantl}'. 

He  wished  to  refer  to  a  point  mentioned  by  one  of  the  previous 
speakers,  namely,  the  subsidiary  plant.  "When  the  small  amount 
of  power  involved  was  taken  into  consideration,  namely,  150  h.p. 
for  the  hydraulic  plant  and  60  to  100  h.p.  for  the  capstans,  he 
thought  it  was  a  little  surprising  in  a  city  like  Belfast,  with  its 
electricity  supply,  that  they  should  have  gone  to  a  large  expense  in 
installing  primary  plant  when  presumably  the  city  supply  might 
have  given  them  all  the  smaller  powers,  which  were  only  used,  as 
the  author  said,  from  50  to  100  hours  a  year. 

The  President  said  he  was  sorry  that  the  author  had  been 
called  away  to  attend  a  Meeting  of  the  Harbour  Commissioners, 
but  a  proof  of  the  discussion  would  be  communicated  to  him,  so 
that  he  would  be  able  to  reply  in  writing. 

Mr.  W.  E.EDFERN  Kelly  wrote  that,  with  reference  to  Mr. 
Hobbs'  observations  (page  676)  as  to  the  hydrauhc  capstans 
provided  at  Belfast,  these  were  designed  with  three-throw  cranks 
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for  balancing,  and  gave  a  fairly  even  turning-moment,  the  engines 
being  single-acting. 

In  regard  to  Mr,  Patchell's  remarks  (page  677)  on  the  pumping 
plant,  the  engines  were  not  self-regulating,  but  were  controlled 
by  a  hand-wheel  and  screws  connected  with  the  cut-oflf  valves  on 
the  back  of  the  slide-valves  of  the  high-pressure  cylinder,  and 
were  thus  adjustable  while  the  engines  were  working.  As  to  the 
power  of  the  pumping  plant,  the  average  discharge  for  each  pump 
was  70,000  gallons  per  minute ;  the  maximum  lift  was  33  feet, 
but  it  was  not  claimed  that  740  i.h.p.  could  deal  with  70,000 
gallons  per  minute  against  a  33-foot  head,  as  could  be  seen  by 
reference  to  the  diagram,  Fig.  12  (page  682),  which  showed  the 
efficiency  at  varying  heads  and  during  equal  periods  of  the  official 
test.  Mr.  Patchell's  suggestion  that  had  condensing  engines  been 
installed  the  boiler  plant  could  be  cut  down  considerably,  was,  in 
a  sense,  quite  correct,  but  if  done  it  would  mean  a  considerable 
extra  expenditure  for  condensing  plant  and  loss  of  valuable  space 
which  could  ill  be  afibrded. 

The  question  of  dividing  the  new  Graving  Dock  into  two 
compartments  was  duly  considered  when  the  dock  was  designed, 
but  was  regarded  as  not  being  desirable.  The  very  serious  outlay 
which  would  be  entailed  in  the  construction  of  a  new  intermediate 
entrance  with  its  caisson  gate,  recess,  culverts,  penstocks,  etc., 
could  not  at  all  be  justified  in  the  present  instance.  The  new 
dock  would  be  mainly  used  for  vessels  of  very  large  type,  such  as 
the  S.S.  "  Olympic,"  etc.,  as  the  adjoining  dock  would,  for  all 
vessels  which  it  could  accommodate,  be  regarded  for  a  considerable 
time  to  come  as  the  popular  dock  for  general  use,  for  many  good 
and  sufficient  reasons. 

With  regard  to  the  consumption  of  water  for  the  engines,  this 
amounted  to  about  22  lb.  per  i.h.p.  per  hour,  and  not  30  lb.  as 
suggested  by  Mr.  Patchell.  This  also  would  be  apparent  by 
reference  to  the  diagram.  Fig.  12  (page  682).  The  plant  adopted 
was  not  of  the  robust  American  type  suggested  by  Mr.  Patchell,  but 
had  such  refinements  as  a  Royle's  feed-water  heater,  superheated 
steam,  cylinders  completely  jacketed,  slide-valves   of   Martin  and 
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Andrews'  balanced  type,  with  cut-off  valves  in  the  high-pressure 
cylinders  and  adjustable  while  working,  positive  lubrication  to 
cylinder  and  valve-faces,  etc.,  and  the  plant  was  of  course  in  charge 
of  skilled  men.  As  to  the  consumption  of  fuel,  it  would  be  seen  by 
reference  to  the  diagram  that  about  4j  tons  of  coal  only  were 
consumed  within  a  period  of  ninety  minutes — the  time  occupied 
in  pumping  out  19  million  gallons  of  water  from  the  dock. 

With  reference  to  Mr.  Dixon's  observations  (page  680)  as  to  the 
small  relative  cost  of  the  mechanical  plant  for  the  new  dock,  the 
author  would  hke  to  state  that 'this  plant  had  not  in  any  sense  of 
the  term  been  "  cramped."  It  was,  in  every  respect,  thoroughly 
efficient,  and  more  than  equal  to  any  demands  that  might  be  made 
upon  it  at  any  time. 


Particulars  relating  to  the  Curves  on  Fig.  12. 


Centrifugal  Pumps,  54  in.  diameter. 
Impeller,  7  feet  6  inches  diameter. 
Vertical  Compound  Non-Condensing 

Engines,    cylinder    22    inches    by 

38    inches    diameter    by   20 -inch 

stroke. 
Steam-Pressure,  160  lb.  per  sq.  inch. 
Superheat,  100°  F. 
Average  i.h.p.,  715. 
Average  Water  h.p.,  385. 
Average  Efficiency,  54  per  cent. 
Steam  Consumption,  22  lb.  per  h.p.- 

hour. 


Quantity  of  Water  pumped,  19,000,000 

gallons. 
Time  of  Pumping,  90  minutes. 
Fall  of  Tide  during  Test,  4  inches. 
Boilers  of  Babcock-Wilcox  Type. 
Coal  consumed  during  Test,  4  tons 

15  cwt. 
Feed-Water  to  Boilers  during  Test  by 

meter,  6,960  gallons. 
Three  Boilers  used  during  Test. 
One  Boiler  kept  in  reserve. 
Blowing  of  Escape  Valves  =  1  Valve. 
Blowing  9  min.  30  sec.  =  2,000  ^Ib. 

water. 


3  c  2 


July  1912.  685 


THE  EVOLUTION  OF 
THE  FLAX  SPINNING   SPINDLE. 


By  JOHN  HORNER,  OF  Belfast. 


The  author  need  make  no  apology  to  the  members  of  this 
Institution  for  going  back  to  a  past  which,  to  the  minds  of  the 
unpractical,  should  be  long  forgotten.  It  is  from  no  purely 
archaeological  standpoint  that  he  resurrects  the  spindle  of  the 
ancients.  A  desire  to  better  any  mechanical  device  should  be 
accompanied  with  a  knowledge  of  what  led  up  to  its  present  state 
and  to  trace  by  such  knowledge  the  reasonings  employed  in  its 
development.  The  inventive  faculty  is  greatly  stimulated  by  an 
understanding  of  all  the  motives  which  influenced  men's  minds 
in  the  past.  Often  the  very  principles  which  underlie  some 
mechanical  construction  are  forgotten,  simply  because  the  problem 
has  long  since  been  solved,  but  before  this  solution  the  difficulties 
and  failures  caused  a  thoughtful  study  into  their  origin,  and  thus 
of  necessity  the  fundamental  laws  which  govern  a  process  are 
brought  to  the  front. 

Amongst  some  primitive  people  to-day  fibres  are  twisted 
together  merely  by  the  action  of  the  index  fingers  and  the  thumbs, 
and  then  plaited  to  form  a  cloth,  or  used  as  bow-strings  or  fishing 
tackle   by  again   twisting   the   yarn    produced    into   several   plies. 
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When  a  knowledge  of  the  length,  combined  with  strength,  that  short 
fibres  could  be  made  to  assume  when  thus  united  together  became 
known  to  man,  he  probably  used  such  naturally  provided  means  to 
spin  his  yarn.  When  and  how  the  spindle  came  we  have  no  means 
of  ascertaining ;  it  may  have  been  evolved  from  something  cruder 
still — a  twirling  stone  for  example — but  if  it  jumped  into  existence 
at  once,  it  might  be  considered  perhaps  the  gi-eatest  forward  bound  in 
the  whole  realm  of  spinning  invention.  We  have  intimate  knowledge 
of  its  use  a  long  while  before  authentic  history  began.  It  is  found 
amongst  the  remains  of  neolithic  man,  and  the  lake  dwellers  of 
Switzerland.  It  was  handed  down  to  Egypt,  for  it  is  found  in  the 
tombs  at  Thebes,  also  amongst  the  ruins  of  Babylon,  and  in  the 
Inca  gi'oves  of  Lima  (a).  Fig.  1,  Plate  35. 

Simple  in  construction  and  decidedly  effective  in  use,  the  spindle 
in  its  primitive  form  has  descended  from  remote  prehistoric  times  to 
the  present  day,  and  is  found  in  actual  practical  use  amongst  the 
various  tribes  in  Africa,  the  Mongols  in  the  Far  East,  throughout  our 
Indian  Empire,  in  Persia  and  over  the  European  Continent.  The 
spindle  is  usually  composed  of  two  parts — the  actual  spindle  itself  and 
the  whirl  or  whorl  which  adds  to  its  momentum.  The  former  is  of 
wood,  commonly  notched  at  the  top  to  receive  the  end  of  the  spun 
yarn.  The  latter  is  of  wood,  stone,  bone,  clay  or  other  convenient 
substance  having  sufiicient  weight  to  maintain  the  desired 
momentum.  The  word  "  whirl "  is  sufficiently  expressive. 
"Whorl,"  simply  another  form  of  "  whirl,"  is  derived  from  the  Old 
English  word  "  whorvil,"  meaning  the  whirl  of  the  spindle,  and 
from  this  the  botanical  name  is  derived.  When  the  spindle  was 
afterwards  fixed  in  bearings  and  driven  by  a  band,  a  sheave  or 
small  grooved  piilley  was  fastened  about  where  the  whorl  was 
originally  placed.  This  has  since  received  the  name  of  "  wharve," 
perhaps  from  the  association  of  sound,  or  it  may  come  from  an 
older  Anglo-Saxon  derivation.  The  word  "  wharve,"  although 
always  used  to  designate  this  grooved  pulley  in  modern  spinning 
frames,  does  not  appear  in  this  sense  as  a  dictionary  word.  The 
spindle  with  the  whirl  or  whorl  attached  is  given  rotation  by 
briskly  rolling  it  with  the    palm  of   the  hand  against  the   thigh, 
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a  practice  universal  in  Soutliei-n  Italy,  or,  more  generally,  by 
spinning  it  between  the  thumb  and  index  finger.  The  fibres  are 
then  evenly  drawn  from  the  distaff  and  twisted  into  yarn  by  the 
revolving  and  descending  spindle,  which,  when  it  reaches  the 
ground,  may  still  continue  to  perform  its  function.  When  at  rest 
the  spun  yarn  is  wound  on  the  spindle,  the  last  spun  portion 
inserted  in  the  notch  and  the  operation  continued.  It  requires 
very  accurate  and  precise  manipulation  to  determine  the  diminution 
in  feed  to  suit  the  diminishing  speed  of  the  spindle,  and  only  by 
early  training  can  this  be  accomplished.  It  is  generally  believed 
that  the  art  of  spinning  is  one  that  is  only  suited  to  the  sensitive 
touch  of  the  female  hand.  In  the  reign  of  Frederick  the  Great 
aU  male  farm-hands  in  Silesia  were  required  to  learn  spinning,  so 
that  they  might  utilize  the  otherwise  unprofitable  dark  winter 
evenings,  and  at  this  they  became  very  adept. 

An  ancient  Peruvian  spindle  is  shown  in  (a)  Fig.  1,  Plate  35. 
The  following  illustrate  some  types  in  use  to-day  photographed  from 
actual  specimens  in  the  Belfast  City  Museum.  One  from  Egypt  is 
shown  at  (6),  and  does  not  vary  from  many  of  those  used  in  that 
country  centuries  ago.  (c)  is  South  Italian ;  hemp  is  the  fibre 
universally  spun  there.  South  of  Rome  spinning  wheels  do  not 
exist ;  some  fifty  years  ago  they  were  introduced,  but  the  sedentary 
occupation  did  not  appeal  to  the  lively  nature  of  the  Southern 
Italian.  Everywhere  one  sees  in  South  Italy  the  production  of 
yarns  by  this  primitive  method.  With  the  distaff  stuck  in  the 
breast  or  girdle,  the  women  spin  as  they  walk  along  or  stand  in  the 
markets  or  chat  with  each  other  in  the  house  or  outside.  Within 
the  shadow  of  the  most  modern  and  up-to-date  spinning  concerns 
this  ancient  method  is  quite  alive.  A  Russian  hemp  spindle  is  shown 
at  (/),  and  {d)  is  one  of  smaller  build  for  flax;  the  distaff  (e) 
has  often  hemp  bound  to  one  side  and  flax  to  the  other,  and  may 
be  used  by  two  or  more  women  together.  A  similar  ai-rangement 
of  stand  distaff  is  shown  at  (g),  with  the  hand  spindle  used  to-day 
in  Germany,  particularly  in  Posen.  It  is  a  curious  fact  that,  in 
Prussian  Silesia,  the  chief  linen-producing  centre  of  what  is  now 
the  German  Empire,  this  ancient  method  of   spinning  continued 
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generally  until  after  the  introduction  of  spinning  machinery ; 
passing  over  and  ignoring  the  intermediate  stage  of  the  spinning 
wheel,  a  less  twisted,  and  consequently  a  softer,  yarn  was  produced, 
which  gave  character  to  the  Silesian  woven  linen,  and  made  it  more 
accessible  to  bleaching  agencies.  Other  illustrations  of  European 
spindles  such  as  are  used  in  South  France,  North  Italy,  Switzerland, 
Spain,  Portugal,  etc.,  are  unnecessary ;  they  are  very  similar  to  the 
German  type. 

A  spindle  from  the  Congo  is  shown  at  (h),  Plate  35,  the  whorl 
being  made  from  cassava  root ;  and  (i)  shows  one  from  Nigeria ; 
the  whorl  is  of  pottery  ornamented  in  a  manner  closely  resembling 
that  from  Peru  (a),  Fig.  1.  One  from  Madeira  (k)  has  a  groove 
in  the  top  in  which  the  spun  yarn  is  fastened ;  this  spindle  has  no 
separate  whorl,  the  body  of  the  spindle  itself  being  thickened  to 
serve  the  same  purpose. 

Fig.  2,  Plate  36,  shows  one  from  India,  and  has  a  small  copper  coin 
in  use  as  a  whorl.  In  the  illustration,  besides  the  small  distaff  on 
5^  which  the  cotton  is  wound,  is  seen  a  portion  of  a  cocoanut,  in  the 
concave  side  of  which  the  spindle  was  sometimes  revolved  as  in  a 
bearing.  An  illustration  is  given  of  this  along  with  descriptive 
matter  in  a  volume  written  in  1867  by  J.  Forbes  Watson  on  the 
textile  manufactures  and  the  costumes  of  the  people  of  India.  The 
extraordinary  fineness  of  the  yarn  produced  for  the  Decca  fabrics  is 
almost  beyond  behef .  The  yarn  spun  was  so  delicate  that  it  could 
not  bear  the  strain  of  a  tiny  wooden  spindle  weighted  with  a 
minute  piece  of  clay  for  a  whorl,  and  consequently,  to  relieve  the 
strain,  the  spindle  was  required  to  revolve  in  the  hoUow  of  a 
cocoanut  or  the  concave  side  of  a  shell.  In  the  authority  above 
mentioned  there  appears  a  quotation  from  a  work  descriptive  of 
the  manufactures  of  Decca,  written  by  James  Taylor  in  1851,  in 
which  the  following  appears  :  "  A  skein,  which  a  native  weaver 
measured  in  my  presence  in  1846  and  which  was  afterwards 
carefully  weighed,  proved  to  be  in  the  proportion  of  upwards  of 
250  miles  to  a  pound  of  cotton." 

Passing  from  the  primitive  spindle  revolved  as  described,  we 
arrive  at  the  first  known  spinning-wheel,  that  of    India,  Fig.  3, 
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Plate  36.  This  wheel  has  been  in  use  in  that  country,  according  to 
the  vague  phrase  so  commonly  used,  from  time  immemorial.  This 
indicates  a  very  great  antiquity.  The  evolution  was  a  simple  one ; 
it  consisted  in  placing  the  spindle  horizontally  in  bearings  and 
revolving  it  by  means  of  a  cord  or  band  over  a  driven  wheel  to  a 
grooved  pulley  or  wharve  on  the  spindle.  This  wheel,  it  will  be  seen, 
is  unsupported  by  legs,  and  is  thus  suited  to  the  attitude  of  the 
Oi"iental  spinner  who  sits  or  kneels  on  the  ground  while  at  work. 
Although  a  more  continuous  spindle-speed  is  arrived  at,  still  there 
is  a  disadvantage.  One  hand  is  constantly  employed  in  revolving 
the  driving  wheel,  which  can  be  maintained  at  even  speed ;  this 
leaves  but  the  fingers  of  the  other  hand  for  the  delicate  operation 
of  attenuating  the  fibres,  which  can  be  done  with  much  greater 
accuracy  and  precision  when  the  fingers  of  both  hands  are  employed  ; 
and  no  doubt  for  this  reason  the  fine  Decca  muslin  yarn  continued  to 
be  spun  by  the  older  method.  In  China  they  attempted  to  get  over 
this  difiiculty  by  producing  a  wheel  with  a  treadle  motion,  Fig.  4, 
Plate  36.  This  mode  of  converting  a  reciprocating  into  a  rotary 
motion  is  one  which,  the  author  ventures  to  say,  may  possibly 
be  unknown  to  the  members  of  this  Institution,  and  therefore 
unrecognized  in  modern  mechanical  practice.  It  will  be  better 
understood  from  the  actual  wheel  which  will  be  on  exhibition  at  the 
Meeting ;  a  is  the  driven  wheel  revolving  three  spindles,  b;  c  is  a 
lever  with  fulcrum  at  d,  and  entering  one  of  the  spokes  of  the  wheel 
at  e.  The  wheel  is  inclined  at  an  angle  so  that  the  lever  remains 
in  position  whether  directed  up  or  down ;  with  a  foot  on  either  side 
of  the  fulcrum  the  lever  is  swayed  upwards  and  downwards  and 
round  with  the  wheel.  This  ingenious  device  requires  one  operator 
to  revolve  the  wheel,  thus  placing  three  spindles  at  the  disposal  of 
as  many  spinners,  each  with  both  hands  at  liberty. 

China  and  Japan,  as  well  as  India,  use  in  the  spinning-wheels  a 
simple  spindle  driven  by  a  band.  The  earliest  intimation  we  have 
of  this  type  of  wheel  in  Europe  is  contained  in  illuminations  in  a 
fourteenth  century  manuscript  in  the  British  Museum  Library.  One 
of  these  is  repi'oducedinFig.  6  (page  690).  The  wheel  in  its  movements 
is  the  same  as  that  of  India,  but  is  mounted  on  legs  to  suit  the 
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operator,  who,  in  the  illumination,  is  depicted  standing.  This  class 
of  wheel,  as  will  be  seen  later,  survived  in  England  for  cotton 
spinning  until  the  introduction  of  mechanical  frames  for  that  fibre. 
It  is  in  use  to-day  in  many  parts  of  Scotland  and  Ireland  for 
spinning  wool,  and  until  very  recently — perhaps  still  is — in  Holland 
for  producing  hemp  yarns.  In  all  these  wheels,  as  in  the  simple 
spindle,  the  two  operations  necessary,  namely,  the  actual  spinning 
and  the  winding  of  the  spun  yarn  on  the  spindle  body,  were 
performed  at  different  times,  namely,  the  yarn  was  spun  about  two 


Fig.  6. — Simple  Spindle  driven  by  a  Band. 
(From  Fourteenth  Century  MS.  in  British  Museum.) 


yards  or  so  in  length  and  was  then  allowed  to  wind  on  the  revolving 
spindle. 

The  next  step  in  advance  was  not  one  of  simple  evolution,  but 
one  which  entailed  considerable  thought  and  constructive  abihty. 
The  problem  to  be  solved  was  how  to  spin  and  wind  conjointly. 
To  a  woodcarver  called  Johann  Jiirgen,  of  Wattenbuttel  in 
Brunswick,  has  been  ascribed  the  honour  of  inventing  an  ingenious 
and  altogether  novel  device  for  producing  this  effect,  and  the 
author  thinks  in  all  justice  it  may  be  said  that  his  invention  was 
independent;  but  a  great  master  mind  had  solved  the  problem 
before  him.  Leonardo  da  Vinci,  who  died  in  1519,  some  years 
before   Jiirgen  brought  out  his  invention,  left  behind  him  a  vast 
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number  of  sketches  which  probably  were  never  in  any  way  made 
public  until  they  were  presented  to  the  Ambrosian  Library  in 
Milan  in  1639.  One  of  these  sketches,  Fig.  7,  Plate  37,  is  of  a 
spinning  wheel  and  embodies  piinciples  of  absolute  originality. 
The  explanatory  matter  attached  to  this  sketch,  written  with  the 
left  hand  in  Leonardo's  usual  manner  from  right  to  left,  is  greatly 
abbreviated  and  not  easily  understood  except  by  a  savant.  Through 
the  medium  of  a  friend  in  Milan,  the  author  has  had  this  matter 
put  into  modern  Italian  by  one  of  the  Ambrosian  monks  who  can 
read  Leonardo's  characters,  and  it  is  now  attached  to  the  drawing 
converted  into  English. 

Before  dealing  with  Leonardo's  description  of  his  drawing,  the 
principle  of  the  spindle,  flyer,  and  bobbin  involved  in  it  needs 
some  brief  explanation.  The  indications  in  letters  on  the  drawing 
are  Leonardo's ;  those  in  figures  have  been  inserted  by  the  present 
author.  In  the  original  method  the  actual  spinning  was  carried 
out  from  the  point  of  the  spindle.  In  Leonardo's,  which  combines 
spinning  and  winding  at  the  same  time,  the  spinning  is  efi'ected  by 
means  of  the  flyer  1  attached  to  spindle  2,  the  unspun  material 
being  passed  thi"ough  a  hole  in  the  spindle  and  conducted  along 
one  of  the  flyer  legs  ;  when  spun,  it  is  automatically  and  immediately 
wound  on  the  bobbin  3.  In  order  to  eflfect  this  winding  the  flyer 
and  the  bobbin  must  run  at  difl:erent  speeds,  otherwise  there 
would  be  no  take-up.  If  the  flyer  runs  quicker  we  have  flyer-lead, 
if  the  bobbin  we  have  bobbin-lead ;  in  either  case  the  effect,  so  far 
as  winding  the  yarn  on  the  bobbin  is  concerned,  is  the  same.  The 
larger  wheel  4  drives  the  spindle  2,  to  which  the  flyer  1  is  fastened, 
at  a  quicker  speed  than  the  smaller  wheel  5  drives  the  bobbin  3. 
The  pegs  placed  between  the  larger  wheel  and  the  band  for 
tightening  the  latter  give  a  harder  twist  to  the  yarn  ;  one  or  more 
of  these  could  evidently  be  inserted  at  pleasure. 

To  turn  to  Leonardo's  own  descriptive  matter,  where  he  begins 
'*  The  wheel  S "  we  have  a  motion  for  automatically  building  or 
winding  the  yarn  on  the  bobbin  evenly.  This  idea  never  occurred 
to  anyone  during  the  long  period  of  wheel-spinning  and  was 
introduced,    evidently    quite    independently,    into    modern    cotton 
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machinery  some  250  years  later.  This  arrangement  of  Leonardo's 
for  building  the  yarn  on  the  bobbin  evenly  as  it  is  spun  gets  its  first 
motion  by  a  worm  6  on  the  extended  driving  shaft  7  gearing  into  a 
worm-wheel  A  G.  On  the  surface  of  the  latter  are  a  sei'ies  of  teeth 
8  working  into  two  incomplete  lantern  wheels  9  at  top  and  bottom 
of  S  ;  this  is  shown  more  distinctly  in  the  detail  Fig.  8,  Plate  37. 
Each  of  these  lantern  wheels  has  four  teeth  placed  in  opposite 
directions;  between  these  two  wheels  is  a  forked  lever  10,  not  fully 
extended  in  the  detail  Fig.  8,  which  traverses  by  the  motion  of 
the  gearing  the  square  shaft  of  the  spindle  2  to  and  fro,  and  thus 
builds  the  spun  yarn  upon  the  bobbin.  It  is  not  probable  that 
these  original  ideas  were  ever  put  into  actual  practice.  After  the 
problem  was  solved  on  paper,  it  was  put  away  along  with  many 
hundreds  of  other  mechanical  devices.  The  spindle,  flyer,  and 
bobbin  introduced  by  Jiirgen  in  1530,  and,  what  is  more  to  the 
point,  made  of  practical  utility,  embodied  the  spindle,  flyer,  and 
bobbin  substantially  as  Leonardo  had  them.  Some  authorities 
state  that  these  were  introduced  first  on  what  is  known  as  the 
Saxon  wheel  and  that  Jiirgen  was  only  responsible  for  a  treadle 
motion.  The  authority  in  support  of  Jiirgen  is  Professor  Hugo  von 
Rettich  in  his  "  Spinnrad-Typen."  Jiirgen  had  no  building  motion, 
from,  which  fact  one  would  draw  the  evident  conclusion  that  he 
had  not  seen  Leonardo's  sketch.  To  arrive,  however,  at  this  a 
series  of  wire  hooks  were  inserted  in  each  leg  of  the  flyer.  Fig.  9, 
Plate  38  (parts  of  an  Irish  spinning  wheel) ;  when  a  certain  portion 
of  yarn  was  wound  it  was  permitted  to  run  through  the 
neighbouring  hook  and  so  on  until  the  bobbin  was  fully,  but  by  no 
means  evenly,  wound.  Fig.  10  shows  another  method:  the  flyer 
legs  are  pierced  with  a  series  of  holes  into  which  a  piece  of 
naturally  bent  wood  or  a  piece  of  bent  wire  is  inserted  and  moved 
from  hole  to  hole  as  occasion  requires. 

Fig.  11  is  an  iron  flyer  in  which  slots  are  cut  at  angles  to  serve 
the  same  purpose ;  the  angular  direction  of  the  slots  prevents  the 
yarn  flying  out.  The  wheels  of  Leonardo  had  two  separate  bands, 
one  driving  the  spindle  and  flyer,  the  other  driving  the  bobbin  at 
different  but  constant  speeds.     In  wheels  of  the  present  day  (for 
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wheel-spinning  is  by  no  means  extinct),  driven  in  a  similar  manner, 
we  have  but  one  band  and  one  wheel,  going  twice  round  the  wheel, 
once  round  the  wharve  of  the  spindle,  and  once  round  that  of  the 
bobbin.  Fig.  9  shows  the  type.  France,  Belgium,  Holland,  Germany, 
and  Russia  have  wheels  so  constructed.  The  fact  of  having  but 
one  band  causes  equal  strain  and  consequently  maintains  equal 
relative  speed  to  both  driven  parts.  In  Fig.  9,  and  indeed  in 
most  types  of  wheels,  there  is  bobbin  lead,  the  bobbin  revolving  on 
the  spindle.  While  it  may  be  desirable  to  maintain  equal  relative 
speeds  and  not  occasion  any  undue  difference  which  might  occur  to 
either  driven  part  by  one  band  becoming  slacker  or  tighter  than 
the  other,  the  system  is  not  correct  either  in  theory  or  practice. 
The  relation  in  the  speeds  should  be  gradually  and  deliberately 
altered  as  the  bobbin  filling  becomes  larger  in  diameter.  In 
the  case  of  spindle-lead,  the  bobbin  should  be  slowly  checked  ; 
in  bobbin-lead,  the  spindle  should  be  checked. 

As  this  Paper  is  not  intended  to  deal  with  antiquarian  lore,  but 
rather  with  the  principles  of  spinning,  it  is  a  matter  of  little 
importance  which  system,  that  of  regularly  maintained  speeds  or 
that  of  adjustable  speeds,  was  first  introduced  in  actual  work ;  it 
would  in  any  case  be  a  question  of  speculation,  but  both  modes  can 
be  distinctly  traced  back  for  over  300  years  and  have  continued 
until  to-day.  Where  an  adjustable  speed  is  employed  and  where 
there  is  spindle-lead  the  spindle  alone  is  driven,  the  bobbin  being 
carried  round  simply  by  the  pull  of  the  spun  yarn ;  as  the  bobbin 
gradually  fills  and  increases  in  diameter  so  its  velocity  increases  in 
proportion,  while  the  driven  spindle  runs  at  an  ever  constant  speed. 
To  bring  both  into  proper  relation,  therefore,  the  most  convenient 
way  is  to  diminish  the  bobbin  velocity.  This  is  effected.  Fig.  1 1 , 
by  means  of  a  brake  or  drag,  which  is  a  short  string  a  fastened 
at  h  or  at  any  suitable  place  on  the  framework ;  the  string  is 
brought  over  the  half  circle  of  the  groove  in  the  bobbin  and 
terminates  on  a  peg  c,  round  which  it  is  wound  and  by  which  it 
may  be  tightened  as  a  violin  string  is.  The  tighter  the  string  is 
wound,  the  more  it  presses  on  the  bobbin  and  occasions  a  brake  or 
drag   which    is   adjustable   at   the    will   of  the    operator.      In    the 
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case  of  bobbin-lead,  where  the  bobbin  is  driven  and  the  flyer  and 
spindle  carried  round  by  the  pull  of  the  yarn,  the  drag  is  put  on 
the  flyer.  In  Fig.  10,  a  is  the  string  passing  over  the  flyer,  h 
is  the  peg. 

This  latter  system  is  mostly  used  where  adjustable  speeds  are 
in  operation ;  the  author  has  only  seen  two  types  of  wheels  with 
flyer-lead.  Fig.  11  belongs  to  a  Bohemian  wheel  and  the  other 
was  used  in  France.  The  majority  of  wheels,  however,  including 
those  formerly  used  in  these  kingdoms,  had  both  flyer  and  bobbin 
driven,  and  although  incorrect  they  perhaps  produced  better  results, 
taking  all  circumstances  into  consideration.  If  the  relative  speeds 
were  so  adjusted  that  correct  working  would  take  effect  when  the 
bobbin  was  half  full,  there  would  be  very  little  variety  in  the  yarn. 
When  the  bobbin  is  empty  there  would  be  too  little  tension  and 
hence  slack  winding  ;  when  full  the  tension  would  be  too  great, 
causing  an  extra  drawing  and  consequent  greater  attenuation  of 
yarn ;  such  would  be  the  case  in  a  modern  spinning-frame.  But 
a  spinning-wheel  has  an  adjustment  which  no  modern  frame 
attempts,  namely,  the  adjustment  of  feed  in  relation  to  these 
matters ;  the  spinstress  has  the  flax  under  her  absolute  control 
and  can  guide  to  the  flyer  more  or  less  as  occasion  demands. 
Where,  however,  a  delicate  drag  is  placed  in  the  hands  of  one 
unacquainted  with  its  working  or  unwilHng  to  trouble  with  it,  it 
may  prove  harmful  and  form  itself  an  impediment  to  equally  spun 
yarn. 

These  suppositions  the  author  knows  to  be  facts  from  personal 
observations.  He  has  visited  many  cottages  in  different  countries 
of  Europe  where  wheels  of  this  type  were  in  work ;  and 
although  he  always  inquired  and  often  adjusted  the  wheels,  he 
only  met  one  spinstress  who  understood  the  meaning  of  this  drag. 
As  a  rule  the  drag  was  loose  and  inoperative ;  sometimes  it  was 
broken  off;  in  some  places,  as  in  Lombardy  and  Tuscany  especially, 
they  never  attempted  to  put  it  on.  A  test  recently  made  for  the 
author  at  the  Municipal  Technical  Institute,  Belfast,  on  a  dry 
spinning-frame,  with  a  dragged  bobbin  and  with  a  bobbin  not 
dragged  showed  no  variety  in  the  twist,  either  at  the  beginning  or 
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finish  of  the  bobbin.  With  the  drag  a  somewhat  stronger  yarn  was 
produced,  and  certainly  the  building  of  one  could  not  be  compared 
with  that  of  the  other.  The  test,  however  interesting,  is  not 
comparable  with  a  similar  test  on  a  spinning-wheel,  for,  although 
the  drag  weight  was  removed,  there  was  still  the  friction  of  the 
bobbin  base  retarding  its  motion,  which  in  the  horizontal  spindle 
of  the  wheel  could  not  take  place.  The  tension  on  the  yarn  was 
slight,  and  although  it  ballooned  freely  there  were  no  breakages. 

In  a  spinning-wheel  without  drag  the  yarn  would  incline  to 
curl  and  have  an  appearance  of  overtwist.  Here,  too,  the 
spinstress,  if  she  is  clever,  can  adjust  the  tension  as  she  feeds 
the  flax  to  the  flyer.  "We  have  noted  that  in  Leonardo's  spinning- 
wheel  he  inserted  pegs  between  the  driving  wheel  and  the  band  for 
the  purpose  of  tightening  the  band.  These  pegs  were  removed  or 
inserted  at  pleasure  ;  if  the  band  was  tight  the  spindle  ran  quicker 
and  naturally  gave  a  greater  twist  to  the  yarn.  In  later  spinning- 
wheels  this  is  arrived  at  by  means  of  what  is  called  the  temper-pin. 
Fig.  5,  Plate  36,  contains  one  example  of  this :  a  is  a  screw,  called 
the  temper-pin,  passing  through  a  hole  in  the  upright  6  large 
enough  to  take  the  outside  diameter  of  the  screw  easily ;  this 
upright  has  a  slot  a  few  inches  long  into  which  the  framework  c, 
which  cai"ries  the  spindle,  bobbin,  and  flyer,  is  inserted.  The  screw 
or  temper-pin  engages  with  a  nut  on  the  part  of  the  framework 
thus  inserted,  and  the  whole  framework  with  its  working  parts  can 
thus  be  raised  or  lowered,  making  the  band  slack  or  tight  at 
pleasure ;  <i  is  an  adjustable  support  for  the  framework,  which  by 
means  of  a  screw  is  raised  or  lowered  to  suit. 

We  now  come  to  mechanical  spinning.  As  already  noted,  all  cotton 
yarn  was  spun  on  a  wheel  without  flyer  or  bobbin,  in  its  working 
parts  similar  to  Fig.  6  (page  690).  None  of  the  yarn  thus  spun  was 
strong  enough  for  warps,  hence  linen  yarn  was  always  used  for 
that  purpose.  The  calicoes  of  a  century  and  a  quarter  ago  were 
in  reality  unions,  the  weft  being  cotton ;  in  unions  of  to-day, 
however,  the  weft  is  linen.  The  mode  of  spinning  was  of  necessity 
extremely  slow  and  could  not  keep  pace  with  the  ever-increasing 
requirements  of  the  looms ;  a  more  rapid  mode  of  yarn  production 
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therefore  became  necessary.  As  the  author  in  this  Paper  does  not 
deal  with  any  part  of  a  spinning-frame  but  the  spindle  and  its 
attachments,  he  will  refer  only  for  a  moment  to  the  great  problem 
that  immediately  presented  itself,  namely,  how  to  produce  in  an 
inanimate  machine  the  delicate  and  exquisite  touch  of  the  human 
fingers  in  drawing  out  with  precise  regularity  the  material  to  be 

Fig.  12. 
Cotton-Spinning  Frame.     (Richard  Arkwright,  1769.) 


spun.  It  looks  simple  now  when  one  is  accustomed  to  it,  but 
many  a  brain  was  worried  and  many  a  scheme  abandoned  before 
the  way  was  made  clear.  Once  overcome,  however,  the  details  in 
mechanical  spinning  followed. 

In  1769  Kichard  Arkwright  brought  out  his  cotton-spinning 
frame ;  the  spindle  he  adopted  was  that  of  the  spinning- 
wheel  with    flyer-lead  and  dragged  bobbin   set   upright.     Fig.  12 
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is  from  the  original  specification,  and  the  following  is  the 
descriptive  matter :  "  P  the  bobbins  and  spindles ;  Q  flyers  made 
of  wood  with  small  wires  on  the  side  which  lead  the  thread  to  the 
bobbins ;  R  small  worsted  bands  put  about  the  whirl  of  the  bobbins 
to  wind  up  the  thread  faster  or  slower ;  S  the  four  whirls  of  the 
spindles ;  T  the  four  spindles  which  run  in  iron  plates."  The 
material  parts  of  Arkwright's  invention  were,  of  course,  the  principles 
of  drawing.  When  this  spinning-frame  was  set  to  work,  yarns 
strong  enough  for  warps  were  produced.  This  was  due  solely  to 
spinning  the  cotton  by  means  of  a  spindle  and  flyer.  Hargreave's 
system,  which  embodied  the  principle  of  spinning  with  a  bare 
spindle  as  in  the  cotton-spinning  wheel,  supplied,  like  that  wheel, 
weft  yarns.  It  seems  a  wonder,  hardly  capable  of  explanation, 
that  the  wheel  without  the  flyer  and  bobbin  was  used  up  to  the 
very  last  for  spinning  cotton  yarns.  Not  only  was  the  process 
slow,  involving  first  the  spinning,  then  a  stoppage  of  that  operation 
in  order  to  wind,  but  the  yarn  turned  out  was  only  suitable  for 
wefts.  In  Ireland  and  Scotland  at  that  period  there  were  thousands 
of  wheels  spinning  linen  yarns  by  means  of  the  flyer  and  bobbin, 
such  as  Arkwright  introduced  into  his  frame.  Even  in  Lancashire, 
then  as  now  the  seat  of  cotton  spinning,  there  were  many 
flax  wheels  at  work.  These  were  capable  of  spinning  cotton 
quicker  and  better  than  by  the  older  process.  In  Ireland  spinners 
were  very  dexterous,  wages  were  low  and  work  often  scarce,  and 
yet  no  advantage  was  taken  of  these  wheels.  It  would  seem  that 
custom  had  established  the  one  mode  for  flax  and  the  other  for 
cotton,  and,  not  till  Arkwright's  experiments  proved  it,  was  it 
known  that  the  flax  system  was  capable  of  spinning  cotton. 

Until  1775  yarns  continued  to  be  spun  mechanically  by  this 
wheel  system  introduced  by  Arkwright  into  his  frame.  There 
was  no  building  motion  such  as  Leonardo  da  Yinci  exhibited  in 
his  drawing ;  the  spinning-frame  had  to  be  stopped  at  intervals  in 
order  to  place  the  yarn  in  another  hook  and  thus  build  up  the 
bobbin ;  the  system  of  dragging  was  of  the  violin  peg  type  already 
mentioned.  At  some  later  intermediate  period,  cloth  or  leather 
washers  were  introduced  upon  which  the  vertical  bobbin  was  placed  ; 

3  D 


698 


FLAX    SPINNING    SPINDLE. 


July  1912. 


as  in  worsted  spinning  at  the  present  time,  the  greater  the  drag 
required  the  larger  in  diameter  is  the  washer.  The  friction  of 
the  bobbin  base  against  these  materials  retarded  its  velocity  and  thus 
constituted  a  more  or  less  perfect  drag. 


Fig.  13.— First  Authentic  Account  of  the  Drag-weight. 
(Described  by  Gray  in  1819.) 
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The  fiirst  intimation  we  have  of  the  present-day  drag-weight  is 
indicated  in  Fig.  13,*  when  a  band,  at  that  time  of  leather,  was 


Gray  on  "  Spinning  Macbinery,"  1819,  Fig.  5,  Plate  VII. 
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fastened  at  the  back  of  the  spindle  rail  and  brought  round  a  groove 
in  the  bobbin  base  terminating  at  the  other  end  in  the  drag-weight 
I.  The  adjustment  of  this  weight  to  the  left  or  right  diminished 
or  increased  the  drag  by  bringing  the  leather  band  with  lesser  or 
greater  pressure  against  the  groove  in  the  bobbin  base.  Motion  to 
the  spindles  was  given  by  means  of  the  belt  M  N  which  turned 
the  rollers  K  K  attached  to  the  spindles  ;  P  P  were  iron  rollers 
so  placed  as  to  keep  the  belt  in  touch  with  the  rollers  K  K  and 
adjustable,  so  as  to  tighten  or  slacken  the  belt,  and  thus  permit  the 
spindles  to  i-evolve  quickly  or  slowly  as  was  found  necessary.  Neither 
in  this  drawing  nor  in  the  descriptive  matter  attached  to  it  is  there 
any  appearance  of  a  building  motion.  The  drag  in  a  modern  frame 
is  constituted  practically  in  the  same  manner  as  that  in  Fig.  13. 
ThiswiD  be  seen  with  reference  to  the  last  diagram.  Fig.  14  (page  700). 
A  is  the  drag  band  fastened  at  B,  brought  over  a  groove  in  the  bobbin 
base,  and  having  a  drag- weight  C  attached  to  the  other  end ;  at  D 
there  is  a  serrated  strip  attached  to  the  builder  in  the  notches  of 
which  the  drag  bag  is  moved  to  give  pressure  more  or  less  on  the 
bobbin,  and  thus  regulate  its  velocity. 

It  has  been  noted  that  in  Arkwright's  1769  specification  there 
was  no  building  motion.  In  1775  Arkwright  again  applied  for  and 
received  a  patent,  No.  1,111,  for  various  movements  in  connection 
with  the  treatment  of  fibres.  In  order  to  lessen  the  possibility  of 
any  rival  secretly  making  use  of  his  designs,  he  purposely  drew 
up  the  specification  in  a  manner  so  obscure  that  one  can  hardly 
penetrate  it.  The  drawings  attached  are  quite  as  unintelligible, 
being  placed  at  random  on  the  sheet  and  unconnected  with 
neighbouring  parts.  As  the  Patent  Laws  require  a  clear  and  lucid 
interpretation  so  that  one  with  a  fair  knowledge  of  the  subject  may 
understand  it,  Arkwright  defeated  his  own  ends.  His  patent  was 
opposed,  the  Courts  decided  against  him,  and  his  ideas  became  the 
property  of  anyone.  Attached  to  the  specification  there  is  a  very 
involved  drawing  showing  what  purports  to  be  a  method  of  raising 
and  lowering  the  bobbin  on  the  spindle,  evidently  for  the  purpose 
of  building  the  yarn  equally.  In  the  numerous  specifications  taken 
out  after  this  date  for  the  treatment  of  flax  fibres  in  spinning,  the 
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claims  have  reference  primarily  to  the  very  difficult  task  of  drawing 
that  stubborn  fibre  to  produce  an  equal  yarn.  Many  details  of  the 
frames  not  distinctly  relevant  to  that  process  are  therefore  absent 
in  the  specification  drawings,  the  object  being  not  to  complicate  the 
main  idea  with  unnecessary  detail.  As  in  every  instance  the  flyers 
are  shown  without  hooks  or  other  such  means  of  regulating  the 


Fig.  14. 
Modern  Spindle  for  Wet  Spinning  Frame. 


20  INS. 


winding,  and  the  spindle  blade  left  long  enough  to  accommodate 
the  rise  and  fall  of  the  bobbin,  it  may  be  assumed  that  some 
building  attachment  on  the  principle  introduced  by  Arkwright  was 
in  use.  From  the  above  statement  Fig.  13  is  an  exception.  This 
is  not,  however,  from  a  patent  specification,  but  from  a  text-book  on 
flax  spinning  published  in  1819,  the  explanatory  matter  in  which  is 
given  in  a  very  detailed  manner ;  it  is  possible  that  the  rail  on 
which  the  bobbins  rest  may  have  had  an  up  and  down  movement. 
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In  conclusion,  the  author  again  refers  to  Fig.  14  for  a  modern 
building  motion,  pinion  E,  revolving  at  a  fixed  point,  engaging 
with  teeth  of  segment  F,  and  following  the  curve  changes  from  the 
upper  to  the  lower  side  of  the  quadrant  teeth,  and  vice  versa, 
producing  a  regular  back  and  forward  movement  of  the  quadrant 
which  is  centred  at  G,  and  having  on  its  base  a  segment  H 
attached  to  a  chain  J  actuating  at  its  other  end  a  cam  K  on  a  shaft 
L.  Around  a  pulley  on  this  shaft  another  chain  M  works,  fastened 
to  a  small  bracket  on  a  round  rod  N  fitted  to  a  hole  in  the  builder 
0,  on  which  latter  the  bobbins  rest,  and  which  is  thus  traversed  up 
and  down  to  build  the  yarn  evenly  upon  the  bobbins. 

The  Paper  is  illustrated  by  Plates  35  to  38  and  4  Figs,  in  the 
letterpress. 


Discussion. 

The  President  said  the  members  had  by  their  acclamation 
passed  a  vote  of  thanks  to  the  author  for  his  very  interesting 
archaeological  Paper  on  a  subject  which  was  probably  not  veiy 
familiar  to  the  majority  of  the  members  of  the  Institution.  One 
of  the  most  interesting  facts  brought  to  their  notice  was  the 
connection  of  Leonardo  da  Vinci  with  the  important  development 
referred  to.  Leonardo  was  well  known  as  a  very  wonderful  man, 
who  could  do  almost  anything  both  in  art  and  science  ;  but  the 
detail  with  which  his  sketch  had  been  produced  and  the  accuracy  of 
his  thought  and  design  were  really  marvellous.  He  had  often  said 
that  engineers  must  have  imagination,  and  certainly  Leonardo  da 
Vinci  had  that  faculty  ;  his  powers  in  that  respect  had  rarely  been 
equalled. 
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Mr.  John  Erskine,  in  opening  the  discussion,  thought  all  the 
members  were  very  much  indebted  to  the  author  for  his  very- 
interesting  Paper.  The  author  had  quite  distinguished  himself  in 
the  interest  he  took  in  the  ancient  spinning  wheel,  and  had  taken 
up  the  subject  very  much  from  its  archaeological  side.  Personally, 
he  was  not  able  to  claim  much  knowledge  of  what  had  been  done 
in  the  past,  as  all  his  work  had  been  connected  with  modern  flax 
spinning.  The  President  had  said  that  Belfast  possessed  some 
of  the  biggest  industries  that  were  in  existence  ;  undoubtedly,  one 
of  the  big  things  dealt  with  in  Belfast  was  flax  spinning.  Although 
so  much  had  been  done  in  past  ages  in  connection  with  flax 
spinning,  the  industry  having  come  down  to  them  from  the  old 
days  in  Egypt,  there  was  stiU  a  very  great  deal  to  accomplish.  The 
spinners  in  the  modern  mills  had  not  been  careless  ;  they  had  tried 
to  produce  the  best  article  out  of  the  material  available.  The 
material  was  more  troublesome  to  deal  with  than  either  cotton  or 
wool,  and  consequently  the  manufacturers  had  had  to  contend  with 
many  difficulties  in  the  endeavour  to  produce  an  article  that  would 
satisfy  the  merchant.  He  had  been  many  times  in  offices  on  the 
Continent  where  the  merchant  buying  goods  from  him  would  take 
a  piece  of  linen,  put  it  up  against  the  window  and  point  out  aU  the 
little  ticks  in  the  material  or  even  a  thick  thread.  The  whole  of 
the  imperfections  of  the  material  were  pointed  out,  and  when  he 
had  come  out  of  the  office  he  had  thought,  "  How  am  I  to  please 
that  man  ;  the  material  must  be  so  perfect  ?  "  It  was  his  general 
experience  that  the  men  who  wove  the  yarn  had  no  idea  of  the  way 
in  which  it  was  produced  and  the  difficulties  that  were  experienced, 
and  consequently  they  just  demanded  perfection.  To  meet  that 
demand  for  perfection,  the  spinners  in  Belfast  had  done  a  very 
great  deal,  as  the  author  had  stated.  Like  all  other  mechanical 
appHances  at  the  present  day,  the  spinners  had  been  reaching 
forward  a  good  deal ;  and  there  were  men  in  Belfast,  such  as  the 
author,  who  had  a  great  love  for  their  subject,  and  many  of  whom 
could  mould  machinery  just  as  if  it  were  wax  in  their  hands  for  the 
purpose  of  producing  that  perfection  of  manufacture  that  was 
demanded. 
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The  author  had  read  a  Paper  on  Flax  Hackling  *  at  the  last 
Belfast  Meeting  of  the  Institution,  to  which  he  had  given  a  great 
deal  of  anxious  thought.  Considerable  ability  had  been  shown 
by  many  people  in  their  endeavour  to  deal  with  the  subject,  and  as 
a  result  very  perfect  machinery  had  been  produced,  but  nevertheless 
still  further  efforts  were  being  made  to  produce  a  better  article. 
With  regard  to  cotton  and  wool,  the  spinners  had  been  trying  to 
make  the  most  perfect  yarn  that  could  be  produced,  and  they  had 
demanded  from  the  machine-maker  the  very  best  machinery  for 
attaining  that  end.  There  were  several  machine-makers  in  Belfast 
who  did  their  best  in  that  way,  and  he  thought  they  deserved  more 
than  credit  for  their  effoi'ts.  It  was  a  source  of  great  pleasure  to 
him  that  he  had  been  accorded  an  opportunity  of  making  a  few 
remarks  on  the  Paper,  thanking  the  author  for  the  labour  he  must 
have  spent  in  its  preparation,  and  saying  at  the  same  time  how 
much  he  admired  his  industry  and  his  love  for  the  subject. 

Mr.  Henry  Taylor  said  the  Paper  opened  up  a  very  important 
question  in  connection  with  the  development  of  the  manufacture  of 
small  articles.  That  had  played  an  important  part  in  connection 
with  the  commerce  and  economics  of  the  country  as  well  as 
in  its  civilization,  because  he  thought  the  people  of  the  country 
would  have  been  in  an  awkward  state  without  the  spindle.  He 
was  afraid  that  many  people  lost  sight  of  the  very  important 
function  that  small  articles  played,  notably  on  the  textile  industries, 
and  particularly  on  wool,  cotton,  and  linen. 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council)  said  he  had  known 
many  inventors  who  were  by  no  means  capable  of  describing  in 
intelligible  language  what  they  had  invented.  He  was  inclined  to 
think  that  possibly  Arkwright  really  did  his  best  to  describe  the 
machine  he  had  invented.  Instead  of  going  to  some  one  whose 
business  it  was  to  make  descriptions  of  inventions,  he  probably  tried 
to  do  this  himself,  and  the  result  was  that  his  patent  would  not 

*  Proceedings  1896,  Part  3,  page  283. 
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stand.     From  all  that  was  known  of  the  history  of  Arkwright,  he 

was  apparently  an  honest  man  above  everything  else,  and  would 

be  likely  to  do  his  very  best  to  describe  his  patent  properly  if  he 

could. 

Mr.  John  A.  F.  Aspinall  (Past-President)  said  that  in  reading 
the  portion  of  the  Paper  dealing  with  Arkwright,  he  remembered 
pointing  out  at  the  Birmingham  Meeting  of  the  Institution  held  in 
1910,  that  the  first  hank  of  cotton  that  was  ever  produced,  except 
by  human  hands,  was  produced  by  John  Wyatt,  who  was  a 
workman  in  Boulton  and  Watts'  factory  at  one  time ;  but  he 
afterwards  left  them  and  joined  a  man  named  Paul,  who  was  his 
financial  partner,  and  Wyatt  and  Paul  sold  their  patents  to 
Arkwright.  Arkwright  was  not  the  originator  of  the  invention 
but  John  Wyatt,  and  anybody  who  desired  to  see  the  first  hank 
of  cotton  produced  by  mechanical  means  could  see  it  in  the 
Birmingham  Museum,  with  the  original  memorandum  attached  to 
it,  stating  that  it  was  the  first  ever  produced. 

Mr.  John  Horner,  in  reply,  said  he  had  very  little  to  reply  to, 
because  the  Paper  was  not  a  controversial  one  and  did  not  lend 
itself  to  discussion.  He  was  very  much  obhged  to  the  various 
members  who  had  spoken  so  favourably  of  it.  The  writing  caused 
him  very  Uttle  trouble,  as  he  had  all  the  matei'ial  collected  for  another 
purpose.  In  reference  to  Dr.  Hele-Shaw's  remarks  (page  703), 
he  thought  there  was  no  one  who  could  say  that  sturdy  Richard 
Arkwright  ever  did,  or  attempted  to  do,  a  dishonest  action. 
Personally,  he  did  not  think  that  that  concealment  was  at  aU 
dishonest.  If  Arkwright  did  at  that  time  desire  to  conceal  the 
various  movements  in  connection  with  some  very  important  patents, 
he  did  not  think  that  was  a  dishonest  action.  Undoubtedly 
Specification  No.  1,111  was  in  some  pecuHar  way  so  constructed  that 
very  few  people  could  understand  the  meaning  of  it,  and  when  it 
was  borne  in  mind  that  about  thirteen  years  previous  to  that  he 
had  already  taken  out  a  patent  for  his  roUers  which  were  accurately 
described    one   could    not,  he   thought,  beUeve   but   that    Richard 
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Arkwright  had  deliberately  made  his  second  specification  obscure. 
He  was  perfectly  justified  in  doing  so  if  by  those  means  he  could 
keep  the  pirates  away,  because  it  was  difiicult  in  those  days  to  trace 
piracy.  The  spinning  machine  was  usually  driven  by  a  horse,  and 
often  driven  by  hand,  and  placed  in  various  cottages — it  might  be 
in  any  obscure  part  of  the  country  where  the  work  could  be  carried 
out  without  Eichard  Arkwright  knowing  of  it.  On  those  grounds 
he  thought  Arkwright  was  perfectly  justified  in  doing  all  he  could 
to  prevent  his  intentions  being  pirated  or  used  by  others. 

The  Paper  was  not  written  from  an  archaeological  standpoint, 
nor  did  it  intend  to  treat  with  the  subject  from  an  archjeological 
point  of  view  ;  it  was  principally  intended  to  treat  of  the  elements 
which  he  thought  were  necessary  to  the  understanding  of  any 
mechanical  subject. 

In  reply  to  the  very  interesting  point  that  Mr.  Aspinall  had 
raised  (page  704),  he  said  that  Wyatt  and  Paul  undoubtedly 
introduced  the  system  of  drawing  by  roller  many  years  previous  to 
Richard  Arkwright  doing  so.  In  their  first  specification  they 
described  a  very  extraordinary  mode  of  drawing  with  one  pair  of 
rollers  retaining  while  another  pair  of  rollers  were  drawing  and 
rotating  (to  give  a  slight  twist  to  the  cotton)  at  the  same  time — a 
fantastic  and  uttei'ly  impossible  mode  of  working.  In  their  second 
specification  they  introduced  solely  a  retaining  roller ;  there  was  no 
drawing  roller  whatever,  the  draft  being  produced  by  the  spindle. 
Arkwright's  principle  consisted  in  the  employment  of  retaining  and 
drawing  rollers,  such  as  were  used  at  the  present  time.  Anyone 
who  looked  at  Wyatt  and  Paul's  second  specification,  which  was  the 
only  practical  one  they  ever  worked  by  the  aid  of  horse  traction — 
he  thought  at  Birmingham — would  see  they  had  a  roller  which 
passed  the  cotton  down,  and  then  it  was  drawn  by  the  spindle  and 
flyer.  Arkwright  introduced  a  means  of  retaining  rollers,  that  is, 
he  had  a  couple  of  rollers  which  retained  or  held  the  rovings,  and 
those  were  revolved  at  a  certain  speed.  The  di"awing  rollers  which 
drew  out  the  fibres  were  revolving  at  six  or  seven  or-  eight  times 
the  speed,  thus  attenuating  or  reducing  the  roving  so  much,  and 
spinning   it   then    directly  to   the    bobbin.       To    Arkwright   must 
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therefore  be  given  the  credit  for  being  the  man  who  introduced  a 
really  practical  system  of  retaining  and  drawing  rolls ;  and  to 
Arkwright  must  also  be  given  the  credit  for  being  the  first  man 
who  ever  made  a  practical  success  of  cotton  spinning.  It  was 
thirteen  or  fourteen  years  prior  to  Arkwright's  first  patent  that 
Wyatt  and  Paul  brought  out  theii'  system,  but  they  made  absolutely 
no  success  of  it. 
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WIKE   ROPES   FOR   LIFTINCx   APPLIANCES, 

AND   SOME   CONDITIONS   THAT   AFFECT 

THEIR   DURABILITY. 


By  DANIEL  ADAMSON,  Member,  op  Hyde. 


The  question  of  the  durability  of  the  parts  of  mechanical 
structures  seems  to  be  strangely  neglected  by  all  authorities. 
A  designer  has  generally  the  choice  of  several  formulae  for 
calculating  the  mere  strength  of  a  given  member,  but  usually  he 
has  to  depend  upon  his  own  experience  for  the  correctness  of  the 
proportions  that  will  ensure  for  it  a  reasonable  length  of  life. 
The  durability  of  wire  ropes  in  particular  is  of  great  importance  to 
all  engineers,  whether  engaged  in  the  design  and  manufacture 
of  lifting  appliances,  or  in  their  care  and  management. 

The  two  most  important  conditions  appertaining  to  the 
manufacture  and  use  of  steel  wire-ropes  that  affect  their 
durability  are : — 

(a)  Quality  of  material  and  size  of  wire. 

(6)  Diameter  of  pulleys  and  arrangement  of  ropes. 

(a)  Quality  of  Material  and  Size  of  Wire. — The  wire  used  for 
lifting  ropes  is  of  steel  having  an  ultimate  tensile  strength  varying 
from  80  to  130  tons  per  square  inch.  Although  ropes  made  from 
material  having  a  high  tensile  strength  are  of  smaller  diameter, 
for  a  given  load  and  a  given  factor  of  safety,  yet  this  is  not  a 
great  advantage  to  the  crane  designer  because  the  stiffer  character 
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of  the  wires  makes  larger  drums  desirable,  if  the  durability  of  the 
rope  is  to  be  considered,  notwithstanding  that  some  rope-makers 
claim  as  an  advantage  for  the  stronger  material  that  it  does 
enable  smaller  pulleys  to  be  used  with  a  consequent  lower  cost  of 
the  working  parts  of  the  crane. 

The  ratio  of  the  diameter  of  the  individual  wires  to  the 
diameter  of  the  completed  rope  is  an  important  factor.  If  the 
wires  are  too  large  they  are  stressed  considerably  when  passing 
over  the  pulleys,  and  accordingly  the  material  is  quickly  fatigued 
and  the  wdres  break.  Smaller  wires,  on  the  other  hand,  are  more 
quickly  worn  through  by  rubbing  against  the  pulleys  and  against 
their  neighbours  in  the  body  of  the  rope.  The  stress  in  a  wire  due 
to  bending  round  a  pulley  is  directly  proportional  to  the  modulus 
of  elasticity  and  to  the  diameter  of  the  wire,  and  inversely 
proportional  to  the  radius  of  the  pulley  ;  therefore  the  radius  of 
the  pulley  should  be  increased  w^ith  an  increase  in  the  modulus 
of  elasticity,  if  the  same  number  of  bends  is  to  be  endured  by 
a  stronger  wire  of  the  same  diameter.  Unfortunately  a  theoretical 
calculation  of  the  stresses  induced  in  the  wires  of  a  rope  by  being 
bent  over  a  pulley  does  not  alone  afford  a  reliable  guide  to  the  length 
of  life  to  be  expected  from  the  rope,  for  consideration  must  also  be 
given  to  the  mutual  wear  that  takes  place  amongst  the  wires. 

Assuming  for  the  purpose  of  comparison  that  two  ropes  are 
constructed  of  equal  size,  one  from  wires  half  the  diameter  of 
those  in  the  other,  then  for  equal  strength  the  one  rope  wiU 
have  four  times  the  number  of  wires  and  each  of  the  wires  will 
have  one-quarter  the  cross  sectional  area.  According  to  the  usual 
formula,  the  stress  due  to  bending  wOl  be  half  as  severe  in  the 
smaller  as  in  the  larger  wdres,  when  the  ropes  are  bent  over  pulleys 
of  the  same  diameter.  If  it  be  allowed  that  a  reasonable  figure 
for  the  estimated  stress  due  to  bending  an  ordinary  rope  over  a 
pulley  of  a  size  usually  adopted  in  crane  design  be,  say,  30  tons  per 
square  inch,  and  the  stress  due  to  the  suspended  load  be  10  tons 
per  square  inch,  there  will  be  a  range  of  stress  of  40  tons  per 
square  inch  in  the  material  each  time  the  maximum  load  is  lifted 
and  released,  and  the  corresponding  stresses  in  the  rope  of  finer 
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wires  will  be  15  tons  per  square  inch  due  to  bending,  and  as  before 
10  tons  per  square  inch  due  to  the  suspended  load,  or  a  total  range 
of  25  tons  per  square  inch. 

Judging  by  the  discussion  that  took  place  on  Messrs.  Eden, 
Rose  and  Cunningham's  Paper  before  this  Institution  in  November 
last  on  "  The  Endurance  of  Metals,"  there  is,  as  yet,  no  agreement 
as  to  the  exact  effect  upon  the  endurance  of  variations  in  the 
working  stresses.  It  seems,  however,  to  be  reasonable  to  assume 
that  a  reduction  in  range  of  stress  from  40  tons  per  square  inch 
to  25  tons  per  square  inch  would  increase  the  life  of  material,  such 
as  ropes  are  composed  of,  about  500  times.  As  no  such  improvement 
in  the  life  of  a  rope  has  ever  been  experienced,  or  is  to  be  reasonably 
expected,  it  must  be  taken  for  granted  that  abrasion  is  the  principal 
factor  in  limiting  the  life  of  wire  ropes,  and  therefore  the  effect 
of  abrasion  upon  the  suggested  rope  of  finer  wires  may  now  be 
considered. 

When  the  rope  of  finer  wires  is  passing  over  the  pulley,  there 
being  four  times  as  many  wires  in  it,  the  pressure  at  each  point  of 
contact  between  the  rope  and  the  pulley  and  between  the  individual 
wires  of  the  rope  may  be  assumed  to  be  one-quarter  of  what  it  is 
in  the  rope  of  larger  wires.  The  wires  being  of  half  the  diameter 
the  damage  done  to  them  by  contact,  even  under  this  lower 
pressure,  will  be  at  least  half  as  much  as  occurs  to  the  coarser 
wires  in  the  other  rope,  and  this  half  damage  done  to  a  wire  of 
one-quarter  the  sectional  area  will  result  in  the  cutting  through 
of  the  wire  in  half  the  time,  so  that  the  effect  of  abrasion  upon 
the  rope  of  finer  wires  will  be  twice  as  great.  If  a  smaller  pulley 
be  used  for  the  rope  of  finer  wires,  as  suggested  by  some  authorities, 
the  pressure  at  the  points  of  contact  and  the  stress  due  to  bending 
wiU  be  proportionately  increased,  so  that  it  may  reasonably  be 
expected  that,  with  a  pulley-diameter  bearing  the  same  proportion 
to  the  diameter  of  the  wires,  the  life  of  the  rope  with  fine  wires 
will  be  one-quarter  of  that  of  the  rope  of  coarser  wires  working 
over  a  pulley  of  correspondingly  increased  diameter. 

A   German    investigator   (Ernst    Heckel)  refers    to   the   very 
great  surface  pressures  on  the  wires  at  the  place  of  contact  with 
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the  pulley  (amounting  in  hi,s  opinion  to  as  much  as  12  tons  per 
square  inch)  as  a  vital  point  in  connection  with  the  wear  of  wire 
ropes.  This  high  pressure,  accompanied  as  must  be  the  case  by 
relative  movement  even  if  quite  small,  readily  accounts  for  the 
wear  which  takes  place  on  the  surface  of  the  wires  where  they 
touch  the  pulleys  or  the  other  wires  in  the  rope. 

(fc)  Diameter  of  Pulleys  and  Arrangement  of  Mopes. — The  lists 
issued  by  makers  of  wire  ropes  contain  recommendations  as  to 
minimum  sizes  to  be  adopted,  but  no  information  is  given  as  to  the 
effect  of  using  pulleys  of  different  diameters.  The  author  has  felt 
for  many  years  past  the  want  of  such  information :  the  experience 
of  users  afforded  no  reHable  guidance,  presumably  on  account  of 
the  great  difference  in  the  conditions  under  which  ropes  work  in 
different  shops.  Reference  to  a  Paper  read  before  the  Manchester 
Association  of  Engineers  by  Mr.  Matthews  in  1902  brings  to  light 
one  great  difference  in  the  working  of  cranes.  Mr,  Matthew^s,  in 
his  Paper,  suggested  that  400  to  1,700  lifts  per  crane  per  annum 
was  the  amount  of  duty  required  from  certain  cranes  under  his 
control,  while  the  present  author,  in  the  discussion  on  Mr. 
Matthews'  Paper,  mentioned  32,400  to  43,200  lifts  per  crane  per 
annum  as  representing  his  own  experience  in  another  class  of 
work.  Other  important  features  that  will  affect  the  life  of  a  crane 
rope  are  the  average  weight  lifted  and  the  average  height  of  lift ; 
cranes  are  generally  occupied  with  loads  much  below  their  nominal 
capacity,  but  this  wiU  vary  in  different  workshops  as  will  the 
proportion  between  the  maximum  height  of  lift  available  and  the 
height  most  frequently  attained  by  the  hook. 

Inquiries  addressed  to  the  users  of  cranes  elicited  very  various 
replies  ;  ropes  working  upon  cranes  of  the  same  general  design 
were  found  to  last  for  periods  of  from  two  years  to  ten  years  and 
upwards,  and  one  correspondent  suggested  that  20  years  might  be 
expected  from  ropes  on  cranes  (of  from  5  to  20  tons  capacity)  if 
damage  from  accidental  causes  could  be  eliminated.  As  might  be 
expected,  the  ropes  on  foundry  cranes  have  not  so  long  a  life  as  in 
erecting  shops,  the  relative  difference  being  perhaps  as  three  is  to  five. 
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The  most  reliable  and  consistent  information  that  the  author 
has  been  able  to  discover  (with  the  assistance  of  numerous  friends 
and  correspondents,  and  also  of  the  library  staffs  of  the  Institution 
of  Mechanical  Engineers  in  London  and  of  the  Engineering 
Library  in  New  York,  to  all  of  whom  his  sincere  thanks  are  due) 
is  contained  in  a  Paper  by  Mr.  A.  S.  Biggart  *  published  in  1890. 
The  experiments  to  which  this  Paper  refers  were  undertaken  with 
the  object  of  selecting  the  best  form  of  rope  to  be  employed  in 
the  construction  of  the  Forth  Bridge.  A  full  description  of  the 
apparatus  used  and  the  details  of  the  investigation  will  be  found 
in  the  original  Paper,  and  the  present  author  will  content  himself 
with  a  short  reference  to  the  experiments  and  an  abstract  from 
the  conclusions  arrived  at,  adding  some  deductions  he  has  made 
for  his  own  guidance  and  for  the  purpose  of  this  Paper.  The 
apparatus  used  by  Mr.  Biggart  contained  two  pulleys,  round  which 
the  rope  under  trial  was  passed,  the  lower  pulley  being  weighted 
to  give  the  required  tension  on  the  rope.  The  experiments 
consisted  in  passing  the  ropes,  under  a  normal  working  load,  to 
and  fro  over  the  pulleys  until  breakage  ensued.  Experiments 
were  repeated  with  different  diameters  of  pulleys  and  different 
makes  of  rope,  and  the  accompanying  diagram,  Fig.  1  (page  712), 
shows  the  life  of  different  classes  of  I'ope  as  affected  by  the 
diameter  of  the  pulleys. 

The  effect  of  oiling  the  ropes  is  shown  by  the  diagram  to  be 
very  beneficial,  increasing  the  life  of  a  given  rope  by  two  or  three 
times.  This  is  obviously  due  to  the  reduction  of  the  cutting  action 
of  the  wires  upon  each  other.  Expei'iments  were  also  made  to 
ascertain  the  effect  on  the  life  of  a  rope  of  running  it  over  pulleys 
so  arranged  that  the  rope  was  subjected  to  reverse  stresses.  Fig.  4 
(page  716).  The  results  obtained  from  this  series  of  experiments 
showed  that  generally  the  life  of  a  rope  working  under  such 
conditions  was  only  one-half  as  long  as  a  similar  rope  bent  in  one 
direction  only. 


*  Proceedings,  Inst.  C.E.,  1890,  vol.  ci,  page  231. 
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Fig.  1. 
Experiniejits  on  Durability  of  Wire  Ropes  as  affected  by  Diameter  of  Pulley  (1890). 
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Fig.  2. — Eegular  Curves  based  on  data  in  Fig.  1. 
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Fig.  1  is  based  upon  the  actual  figures  tabulated  in  Mr. 
Biggart's  Paper,  while  Fig.  2  (page  713)  shows  the  present  author's 
approximations,  as  obtained  by  the  simple  method  of  drawing 
fair  and  regular  curves  through  or  near  the  points  representing 
the  results  of  Mr.  Biggart's  experiments  over  such  a  range  of 
pulley  diameters  (measured  in  terms  of  the  circumference  of  the 
ropes)  as  obtain  in  general  overhead  crane  practice.  Several 
interesting  deductions  may  be  drawn  from  a  study  of  these 
figures.  The  time  of  breakage  of  the  first  wires  of  a  rope 
in  the  lowest  curve  is  only  recorded  for  one  make  of  rope,  but 
comparing  it  with  the  second  curve,  which  shows  the  time  of 
breakage  of  whole  ropes  .of  the  same  make,  it  will  be  seen  that  when 
the  first  wire  breaks  the  rope  may  be  assumed  to  have  passed  through 
one-half  of  its  life,  and  as  no  one  knowingly  works  a  rope  until  it 
breaks  entirely,  then  the  breakage  of  even  a  few  wires  is  a  sign 
that  a  rope  should  be  carefully  watched  and  replaced  by  a  new  one 
at  an  early  opportunity. 

The  efiect  of  varying  the  proportions  of  diameter  of  pulley  to 
diameter  of  rope  is  one  of  the  most  important  features  to  be 
noticed.  Speaking  generally,  Mr.  Biggart's  experiments  show 
that  increasing  the  diameter  of  the  pulleys  by  an  amount  equal  to 
two  circumferences  of  the  rope  will  double  the  life  of  the  rope. 
This  is  approximately  correct  for  aU  the  varieties  of  rope  and 
conditions  experimented  with,  and  may  therefore  be  taken  as 
equally  correct  for  all  the  varying  conditions  under  which  cranes 
are  worked.  It  is  very  remarkable  that  so  simple  a  rule  should 
evolve  from  such  numerous  and  varied  experiments,  and  the 
author  hopes  that  its  statement  in  this  form  will  be  of  some 
value  to  designers  and  other  interested  members.  That  it  is 
sufficiently  correct  for  aU  practical  purposes  may  be  readily  seen 
by  referring  to  Fig.  3  (page  715),  where  the  ratios  of  pulley 
diameters  to  ropes  are  plotted  as  abscissae  to  a  linear  scale,  while 
the  durability  of  the  I'opes  is  represented  by  ordinates  drawn  to 
a  logarithmic  scale. 

These  conclusions  enable  one  to  express  a  definite  value  for 
the  effect  upon  the  durability  of  ropes,  of  the  various  arrangements 
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Fig.  .3. — Durability  as  Affected  by  Diameters  of  Eope  and  Pulley. 
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Various  Arrangements  in  Lifting  Appliances. 
{See  Table  1.) 
Fig.  4.  Fig.  5.  Fig.  6. 

One  Bend.  Three  Bends. 


Fig.  7. 
Three  Bends. 
07ie  Beverse. 


Fig.  8. 
Seven  Bends. 


Fig.  9. 
Eleven  Bends. 


Fig.  10. 
Seven  Bends. 
One  Beverse. 


Fig.  11. 

Eleven  Bends. 

One  Beverse. 


Fig.  12. 

Three  Bends. 

Large  Bottom  Pulleys. 


of  pulleys  that  ai^e  commonly  adopted  in  overhead  cranes,  some 
of  which  are  illustrated  in  Figs.  5  to  11.  Assuming  that  Fig.  6 
in  which  the  ropes  make  three  bends  in  working,  namely,  one  at 
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the  upper  drum  and  one  on  each  side  of  the  lower  puUey,  i.e.,  at 
entering  and  leaving)  is  the  arrangement  most  frequently  adopted 
in  practice,  and  representing  the  anticipated  life  of  the  rope 
under  these  conditions  by  100,  then  the  relative  lives  of  the 
ropes  in  each  of  the  other  arrangements  indicated  will  be  shown 
in  Table  1. 


TABLE  1. 

Cmnparison  of  Anticipated  Length  of  Life  of  Bopes  arranged  as 
shown  in  Figs.  5  to  11. 


Fig. 
No. 

Number 
of  Bends. 

Relative  Life  of  Rope. 

5 

1 

300 

6 

3 

100 

7 

3* 

75 

8 

7 

43 

9 

11 

-    27 

10 

7* 

37J 

11 

11* 

25 

*  Including  one  reverse  bend  which  is  twice  as  eSective  in  wearing  out 
the  rope. 

If  it  be  desired  to  design  each  of  the  above  arrangements  of 
puUeys  so  that  the  ropes  shall  have  equal  durabiHty,  then  the 
ratio  of  the  drum  diameters  to  rope  circumference  (if  the  law 
indicated  by  Figs.  2  and  3  is  to  be  relied  upon)  must  be  increased 
as  shown  in  Table  2  (page  718). 

It  is  quite  usual  for  purchasers  to  specify  in  their  inquiries 
that  the  diameters  of  the  pulleys  and  drums  must  bear  a  certain 
relation  to  the  diameter  of  the  rope,  but  the  author  wishes  now  to 
emphasize  the  point  that  this  stipulation  is  not  sufficient  in  itself, 
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TABLE  2. 

Mequired  increase  in  Diameters  of  Hope  Drums  (measured  in  terms  of 
Circumference  of  Mope)  required  to  give  Equal  Durability. 


Fig. 

No. 

Increase  over  Diameter  called  for  by  Fig.  6. 

7 

8 

9 

10 

11 

1    Circumference  of  Eope. 
2J  Circumferences  of  Rope. 
4                 „                      » 
3                 »                     »> 
4 

without  some  consideration  being  also  given  to  the  arrangement  of 
the  rope  and  pulleys. 

If  the  generally  accepted  ratio  of  seven  circumferences,  or 
twenty-two  diameters,  of  the  rope  for  the  diameter  of  the  barrel 
be  assumed  as  suitable  for  the  drum  and  pulleys  arranged  as  in 
Fig.  6,  then  the  diametei'S  for  the  other  figures,  to  give  equal 
durability,  should  be  as  shown  in  Table  3. 

TABLE  3. 

Matio  of  Diameter  of  Pulleys  and  Drums  to  Circumference  of  Mope  to 
give  Equal  Durability. 


Fig. 

Ratio  of  Pulley  and  Drum  Diameter  to  Rope 

No. 

Circumference. 

5 

4       to  1 

6 

7     to  1 

7 

8      to  1 

8 

9-5  to  1 

9 

11       to  1 

10 

10       to  1 

11 

11       to  1 

To  make  the  comparisons  quite  fair  between  the  different 
arrangements,  it  must  now  be  pointed  out  that,  owing  to  the 
increased  number  of  falls  of  rope  adopted  in  Figs.  8  and  9,  the  size 
of  the  rope  may  be  reduced  as  shown  in  Table  4  while  retaining  the 
same  factor  of  safety. 
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TABLE  4. 

Belative  Hope  Circumference  allowing  for  Smaller  Bopes  due  to 

increased  number  of  Falls. 


Fig. 
No. 

Number  of 
Falls. 

Relative  Rope  Circumference. 

5 

2 

140 

6 

4 

100 

7 

4 

100 

8 

8 

70 

9 

12 

57 

10 

8 

70 

11 

12 

57 

Combining  the  figures  given  in  Tables  3  and  4  will  give  drum 
and  pulley  diameters  as  shown  in  Table  5. 


TABLE  5. 

Drum  and  Pulley  Diameters  resulting  from  a  combination  of  Tables  3 

and  4,  and  still  assuming  that  100  represents  the  Condition  in  Fig.  6. 


Ratio  of  Pulley  and                Relative 

Resultant  Pulley  and 

Fig. 

Drum  Diameter  to 

Circumference  of 

Drum  Diameter 

No. 

Rope  Circumference 
according  to  Table  3. 

Rope  as  per  Table  4. 

assuming  Fig.  6  =  100. 

5 

4 

140 

80 

6 

7 

100 

100 

7 

8 

100 

114 

8 

9i 

70 

95 

9 

11 

57 

90 

10 

10 

70 

100 

11 

11 

57 

90 

The  noticeable  feature  in  the  last  Table  is  that  whether  two, 
four,  or  six  falls  are  adopted,  the  diameter  of  the  drum  and  pulleys 
should  remain  about  the  same,  if  the  ropes  are  to  have  equal 
durabihty  (compare  Figs.  8  and  9  with  Fig.  6).  A  recent  text- 
book upon  the  subject  of  crane  design  states  (as  an  advantage  of 
a  large  number  of   falls  of    rope)  that  the  proportionately  larger 
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pulleys  and  barrel  will  ensure  long  life  for  the  ropes,  but  the  author 
hopes  that  he  has  made  it  clear  that  very  large  proportions  are 
necessary  to  ensure  a  reasonable  hfe  for  ropes  on  cranes  with  many 
falls  of  rope.  Reference  to  Fig.  No.  7  and  Fig.  No.  10  in  Table  5 
shows  the  increase  that  should  be  made  in  the  diameter  of  the  drum 
and  puUeys  if  a  reverse  bend  occurs  in  the  run  of  the  rope. 

Another  important  detail  in  crane  design  may  now  be  referred 
to.  In  Fig.  6,  as  already  mentioned,  the  ropes  make  two  bends 
at  the  lower  pulleys  to  one  at  the  drum,  and  therefore,  if  the 
lower  pulleys  are  made  of  the  same  diameter  as  the  drum,  they 
will  be  responsible  for  two-thirds  of  the  wear  and  tear  of  the 
rope.  Now  it  is  usually  difficult  to  increase  the  diameter  of  the 
working  barrel  or  drum  of  a  crane,  because  to  do  so  affects  the 
ratio  of  the  gearing  and  also  requires  a  much  larger  framework 
with  a  correspondingly  greatly  increased  cost  of  manufacture,  but 
if  it  is  agreed,  as  a  result  of  Mr.  Biggart's  experiments,  that 
increasing  the  diameter  of  the  pulley,  over  which  a  loaded  rope 
passes,  by  an  amount  equal  to  twice  the  circumference  of  the  rope, 
reduces  the  evil  eff'ects  of  bending  the  rope  round  it  to  one-half, 
then  a  simple  means  of  improving  the  durability  of  crane  ropes  is 
immediately  at  the  disposal  of  the  designer,  namely,  to  increase  the 
diameter  of  the  pulleys  in  the  blocks,  leaving  the  drums  of  the 
original  size,  as  indicated  by  Fig.  12  (page  716).  This  alteration 
can  usually  be  eff"ected  without  serious  alteration  of  the  design, 
and  may  even  be  carried  out  on  existing  cranes. 

The  result  of  increasing  the  diameter  of  the  pulleys  (as  shown 
by  Fig.  12)  by  an  amount  equal  to  two  circumferences  of  the  rope, 
wdll  be  that  the  eflTect  of  the  double  bend  round  the  lower  pulley 
is  halved,  and  the  resultant  effect  of  the  three  bends  will  be  equal 
to  two  only  and  the  relative  life  of  the  rope  will  be  increased  by 
50  per  cent.,  or  the  drum  diameter  might  be  reduced  by  an 
amount  equal  to  1*2  times  the  circumference  of  the  rope  with  a 
corresponding  reduction  in  the  size  of  the  framework  of  the  crab 
or  winch,  while  still  retaining  a  relative  life  for  the  rope  equal 
to  Fig.  6.  In  this  case  the  diameter  of  the  lower  pulleys  would 
only  require  to  be  about  one  circumference  of  the  rope  larger  than 
the  original  size  of  Fig.  6. 
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In  making  the  foregoing  comparisons  of  diameters  of  drum  and 
pulleys  with  different  arrangements  of  rope,  it  has  been  assumed 
that  the  hook  is  raised  to  the  full  height  available  at  each  lift. 
This  however  is  not  the  case  in  actual  practice,  the  majority  of 
loads  not  being  raised  one-half  this  height. 

This  consideration  brings  to  light  another  great  advantage  of 
Fig.  12  as  compared  with  any  of  the  others.  Where,  as  is  usually 
the  case,  the  average  height  of  lift  in  a  shop  does  not  reach  half 
the  maximum  available,  then  that  portion  of  the  rope  which  passes 
under  the  lower  pulley  does  not  reach  the  upper  drum,  and 
accordingly  is  only  subject  to  the  wearing  action  of  the  two  bends 
at  the  lower  pulley.  If  therefore  the  effect  of  the  bends  at  the 
lower  pulley  is  reduced  to  one-half,  by  the  proposed  increase  in 
diameter  of  the  puUey,  then  the  actual  life  of  the  rope  will  be 
doubled,  instead  of  only  being  increased  by  50  per  cent,  as  was  first 
assumed. 

Where  there  are  more  than  two  falls  of  rope,  as  in  Figs.  8  and  9, 
the  effect  of  increasing  the  diameter  of  the  pulleys  by  an  amount 
equal  to  two  circumferences  of  the  rope  is  also  very  marked, 
i-educing  the  effect  of  the  seven  bends  in  Fig.  8  to  four  and  a  half, 
with  corresponding  increase  in  the  lift  of  the  ropes.  This  shows 
up  the  fault  of  those  designers  who  adopt  large  drums  (in  order  to 
obtain  the  great  length  of  rope  entailed  by  high  lifts)  and  are  yet 
content  to  make  the  pulleys  of  small  sizes,  when  they  could 
enormously  increase  the  durability  of  the  rope  by  the  adoption  of 
larger  pulleys  at  little  extra  cost. 

When  the  rope  makes  a  reverse  bend  at  the  barrel  as  in 
Figs.  7,  10,  and  11,  the  barrel  ought  to  be  increased  in  diameter 
to  counteract  the  effect  of  the  reverse  bend.  Thus,  if  m  each  of 
these  cases  the  diameter  of  the  drums  were  made  larger  by  an 
amount  equal  to  two  cii'cumferences  of  the  rope,  the  durability  of 
the  rope  would  be  equal  to  Figs.  6,  8,  and  10  respectively. 

Some  Continental  makers  point  out,  very  rightly,  the  desirability 
of  making  the  compensating  pulleys  of  reasonable  size.  The 
motion  over  such  pulleys  is  apparently  considered  as  negligible  by 
some  designers  (judging  by  the  forms  of  construction  adopted),  but 
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this  point  of  view  overlooks  the  movement  of  the  rope  due  to  the 
swinging  of  the  load,  and  the  repeated  bending  of  the  rope  at  the 
same  place  over  a  small  radius  has  an  appreciable  effect  upon  the 
durability  of  the  rope. 

Although  the  deductions  laid  down  here  appear  too  simple  to 
need  elaboration,  a  glance  at  the  designs  of  many  modern  cranes 
shows  that  neither  the  designers,  nor  the  purchasers,  are 
aware  of  the  importance  of  the  principles  involved,  otherwise  we 
should  not  see  modern  cranes  in  this  country  with  reverse  bends 
in  the  ropes,  and  as  many  as  eight  plies  of  rope  to  carry  the  load 
on  cranes  of  only  15  tons  capacity,  while  at  the  recent  Brussels 
Exhibition  there  were  cranes  exhibited  by  well-known  Continental 
makers  showing  the  same  faults. 

The  author  would  like  to  add  that  while  he  is  aware  of  many 
conditions  affecting  the  durability  of  ropes  other  than  those  he  has 
referred  to,  he  regrets  that  want  of  first-hand  experience  prevents 
him  from  dealing  with  them  as  he  would  like,  and  he  hopes  that 
other  members  will  help  to  make  up  the  deficiency. 

The  qualities  of  wore  used  vary  considerably,  and  this,  together 
with  the  heat  treatment  in  manufacture  and  the  care  taken  by  the 
makers  in  testing  and  examination,  are  questions  that  makers  of 
ropes  are  in  a  better  position  to  discuss  than  users. 

The  "  lay  "  of  the  strands  and  the  lubrication  of  the  rope  when 
in  use  have  each  a  considerable  effect  upon  durability,  and  some 
guidance  on  these  points  may  be  obtained  from  Fig.  3  (page  715), 
where  "  Lang's  lay  "  is  shown  to  have  more  than  double  the  life 
of  ropes  of  ordinary  "  lay,"  and  ropes  that  are  oiled  last  more  than 
twice  as  long  as  when  this  precaution  is  neglected,  as  already 
mentioned  on  page  711.  The  superiority  shown  by  "Lang's  lay" 
naturally  gives  rise  to  the  question  as  to  why  it  is  not  exclusively 
used,  and  the  answer  the  author  has  obtained  from  rope-makers 
is  that  such  ropes  must  be  very  carefully  handled  to  avoid  "  kinks," 
and  also  they  are  found  to  be  more  liable  to  "  spin." 

The  Paper  is  illustrated  by  12  Figs,  in  the  letterpress. 
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Discussion. 

The  President,  in  moving  a  hearty  vote  of  thanks  to  the 
author  for  his  very  excellent  and  valuable  Paper,  said  it  dealt  with 
a  subject  which  required  a  great  deal  more  research  on  scientific 
lines  than  had  been  given  to  it  in  the  past.  Every  one  who  had  to 
do  with  the  use  of  wire  ropes  for  lifting  appliances  knew  the  great 
uncertainty  attaching  to  their  life.  Personally,  he  felt  that  after 
an  engineer  had  done  all  he  could  in  the  way  of  designing  the 
pulleys,  and  carefully  constructing  ropes  from  proper  material, 
it  was  necessary  to  rely  eventually  upon  careful  inspection  during 
use.  Every  law  that  had  so  far  been  laid  down,  even  including 
that  of  the  author's,  would  be  very  uncertain  in  practice,  though, 
of  course,  of  very  valuable  assistance  to  the  designer.  He  hoped 
the  Meeting  would,  in  the  course  of  the  discussion,  hear  some 
experiences  of  the  different  systems  of  using  ropes  and  their 
manufacture. 

The  resolution  of  thanks  was  carried  with  acclamation. 

Mr.  Robert  Matthews  (Member  of  Council),  in  opening  the 
discussion,  said  he  desired  first  of  all  to  render  to  his  old  friend 
and  neighbour,  Mr.  Adamson,  his  hearty  thanks  for  taking  the 
trouble  to  write  the  Paper.  The  author  had  gathered  together 
some  valuable  information,  but  he  was  afraid  the  conclusions 
arrived  at  did  not  convince  him  that  they  were  correct.  He 
alluded  more  particularly  to  the  illustrations  on  page  716  and 
Table  1  (page  717).  The  members  would  notice  that  in  Fig.  5  there 
was  a  drum  with  two  bends  on  it,  and  the  pulley  down  below,  and 
the  author  described  that  as  one  bend.  Then  Fig.  6,  with  the 
same  drum  arrangement,  and  the  ropes  arranged  with  the  addition 
of  two  pulleys,  the  author  called  three  bends.  That,  to  his  mind, 
did  not  seem  to  be  right,  as  with  a  compensating  pulley  of  ample 
size  there  was  very  little  wear  and  the  system  then  became  only  a 
tw^o-bend,  and  consequently,  as  those  tw'o  Figures  were  the  basis  for 
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what  the  author  determined  later  on,  he  was  afraid  the  results 
would  be  somewhat  fallacious  and  misleading.  In  one  part  of  the 
Paper  the  author  said  that  the  compensating  pulley  wore,  and  he 
took  that  into  consideration  to  the  same  extent  as  one  of  the  pulleys. 
If  he  did  it  there,  he  ought  to  do  it  also  in  Fig.  5,  but  he  did  not. 
The  author  called  that  one  bend,  and  that  was  where  he  thought 
he  was  a  little  unreasonable.  That  being  so,  he  felt  compelled  to 
disagree  with  the  foundations  of  the  w^hole  of  his  deductions  later 
on  in  the  Paper.  He  thought  most  of  the  members  recognized  that 
Lang's  wire  ropes  were  the  best  crane  ropes.  Personally,  he  knew 
Mr.  Lang  very  well  and  he  had  used  Lang's  wire  ropes  very  largely 
throughout  his  Works,  and  had  always  found  them  very  satisfactory 
indeed. 

There  was  one  point  dealt  with  in  the  Paper  about  which  he 
felt  a  little  bit  hurt.  The  author  had  probably  written  what  he  had 
done  in  an  unguarded  moment.  The  statement  was  made  (page  710) 
that  he  (Mr.  Matthews)  suggested,  when  he  read  his  Paper  in  1902 
before  the  Manchester  Association  of  Engineers,  that  400  to  1,700 
lifts  per  crane  per  annum  was  the  amount  of  duty  required  from 
certain  cranes  under  his  control,  while  Mr.  Adamson  in  the 
discussion  on  the  Paper  mentioned  32,400  to  43,200  lifts  per  crane 
per  annum  as  representing  his  own  experience  in  another  class  of 
work.  It  would  be  preposterous  for  an  engineer  to  suggest  that. 
What  he  did  was  to  give  the  actual  number  of  lifts  in  a  large  gun 
shop  where  very  large  tools  were  used,  and  where,  in  one  lathe, 
there  would  be  perhaps  three  lifts  in  three  weeks.  If  an  expensive 
electric- driven  crane  was  standing  idle  for  a  considerable  amount  of 
its  time,  it  was  not  always  economical  engineering  to  go  in  for  such 
an  expensive  piece  of  machinery,  and  he  was  only  showing  from 
actual  experience  that  he  had  done  the  wrong  thing  by  putting  in 
an  electric  crane.  If  he  had  kept  to  the  old  type  of  rope  crane,  it 
would  have  cost  less  money  and  would  have  been  more  economical. 
It  was  not  because  he  recommended  that  type  of  crane ;  it  was 
merely  a  statement  of  fact.  In  some  of  the  other  shops  there  were 
electric  cranes  working  as  quickly  as  ever  they  could  both  day  and 
night.     In  the  iron  foundry  they  changed  their  old  rope  cranes  to 
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electrical  cranes,  carrying  out  the  work  themselves.  Good  large 
pulleys  were  installed,  and  they  had  been  working  now  for  over 
seven  years  with  continuous  overtime  without  a  single  failure  in 
the  ropes.  His  firm  generally  carried  out  the  practice  that  was 
recommended  very  largely  by  Newall.  He  thought  it  was  better  to 
use  a  larger  size  in  the  way  of  pulleys,  and  his  own  practice  was  to 
use  from  20  to  25  times  the  size  of  the  rope.  If  that  proportion 
were  used,  fairly  good  working  and  a  good  life  for  the  rope  would 
be  obtained.  With  the  50-ton  cranes  in  the  foundry  to  which  he 
had  already  referred,  very  heavy  castings  were  made.  The  cranes 
were  low,  because  it  was  mostly  bed  work  that  was  carried  out. 
Consequently  the  crane  was  very  near  to  the  heat,  and  also  to  the 
sand  and  dust.  Notwithstanding  that,  the  cranes  had  been  working 
for  over  seven  years,  very  often  with  a  load  of  70  tons  on  a  50-ton 
crane  when  very  large  castings  were  being  made. 

One  other  remark  made  by  the  author  which  seemed  to  him 
a  little  illogical  was,  that  a  double  bend  in  a  rope  shortened  its 
life  by  one  half.  Personally,  he  thought  it  would  be  less  than 
that,  because  bending  in  both  directions  was  more  injurious 
than  bending  in  one  direction  and  pulling  out  straight.  He 
believed  that  if  actual  figures  were  taken,  it  would  be  found  that 
it  was  less  than  a  half.  He  was  sorry  he  had  not  been  able  to 
study  the  Paper  more  closely,  but  if  the  Paper  and  its  criticism 
helped  the  members  in  coming  to  a  right  conclusion  in  their  use  of 
wire  ropes,  he  would  be  more  than  satisfied. 

Mr.  A.  Basil  Wilson  said  that  in  listening  to  the  Paper  the 
point  that  struck  him  most  forcibly  was  the  comparatively  small 
importance  that  the  author  attached  to  the  question  of  reverse 
bends  in  ropes.  Reverse  bends  did  not,  as  a  rule,  occur  in  cranes 
used  for  foundry  and  other  purposes  where  the  direct  load  was 
immediately  below  the  source  of  power,  but  wire  ropes  were  used 
very  extensively  in  connection  with  passenger  and  other  lifts,  in 
which  it  was  quite  a  common  practice  for  mxikers  to  pass  their 
ropes  round  one  if  not  two  reverse  bends.  Such  an  example 
existed  in  the  front  passenger  hoist  of  the  building  in  which  the 
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Meeting  was  being  held,  and  aflforded  an  opportunity  of  estimating 
the  effect  on  the  rope.  As  originally  put  up,  the  hoist  contained 
two  reverse  as  well  as  three  primary  bends.  The  resxilt  was  that 
the  ropes  lasted  approximately  not  more  than  one  session  of  about 
nine  months,  making  400  or  500  lifts  a  week.  It  was  subsequently 
altered,  and  the  lifting  apparatus  put  at  the  top  of  the  house,  so 
that  there  was  only  one  bend  in  the  ropes  and  that  a  direct  one. 
Since  this  was  done  no  deterioration  had  occurred.  The  ropes  had 
remained  externally  as  they  were,  with  practically  no  wear  unless 
in  the  centre  of  the  rope  due  to  friction  of  the  parts. 

He  would  very  much  like  to  have  the  author's  opinion,  and  the 
opinion  also  of  the  members,  on  the  deterioration  that  might  be 
expected  to  arise  from  a  reverse  half -bend.  It  might  be  assumed 
that  it  w^as  50  per  cent,  of  that  of  a  complete  reverse  bend,  but  he 
agreed  with  the  last  speaker  that  the  effect  of  the  half  reverse- 
bend  was  much  greater  than  a  reduction  of  the  life  of  the  rope  by 
50  per  cent.  It  was  pi^obably  more  in  the  neighbourhood  of  70  per 
cent.,  especially  if  the  reverse  bend  was  one  over  which  the  rope 
passed  for  its  entire  length.  If  it  was  merely  a  reverse  bend  which 
was  used  for  a  compensating  pulley,  in  which  the  travel  of  the 
rope  round  the  puUey  was  small,  then  it  might  be  almost  neglected. 
Some  years  ago  he  had  occasion  to  erect  an  engine  of  about  200  h.p. 
where  it  was  desired  to  have  brake  eflS^ciency  records,  and  where 
a  well-known  system  was  adopted  for  the  purpose  in  view.  The 
ropes  passed  round  two  reverse  pulleys,  the  intention  being  to 
ascertain  the  brake  load  on  the  engine  continuously  by  the  use  of  a 
recorder  indicating  the  difference  in  the  position  of  the  reverse 
pulleys  as  they  varied  with  the  load.  The  apparatus  worked  well 
so  far  as  ascertaining  the  brake  horse-power  was  concerned,  but 
was  unsatisfactory  with  regard  to  the  ropes.  These  ran  at 
4,000  feet  per  minute  (there  were  eight  of  them),  and  began  to 
show  signs  of  deterioration  in  three  weeks.  Obviously  that  system 
had  to  be  abandoned,  and  the  ropes  were  taken  direct,  under  which 
conditions  they  lasted  about  eight  years,  when  the  arrangement  was 
changed  and  the  rope  drive  abandoned. 
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The  President  inquired  whether  the  ropes  were  of  cotton. 

Mr.  Basil  Wilson  replied  that  they  were  steel  ropes  of  f -inch 
diameter.  But  the  special  point  he  wished  to  emphasize  was  how 
far  in  the  opinion  of  the  members  half -reverse  bends  influenced  the 
life  of  a  rope,  which  in  many  cases  it  was  impossible  to  avoid. 

Mr.  J.  Hartley  Wicksteed  asked  whether  Mr.  Basil  Wilson 
meant  by  a  half -re  verse  bend  90°  instead  of  180°. 

Mr.  Basil  Wilson  repHed  in  the  affirmative. 

Dr.  William  H.  Maw  understood  that  Mr.  Wilson  meant  in 
another  plane. 

Mr.  Basil  Wilson  replied  that  that  was  the  case.  Theoretically 
it  might  be  assumed  that  the  degree  of  the  reversal  would  be  the 
measure  of  the  amount  of  wear  in  the  rope,  but  it  w^as  a  matter 
only  experience  could  decide.  He  was  sure  the  members  of  the 
Institution  appreciated  that  the  Paper  was  one  of  the  most  valuable 
character,  since  it  dealt  with  a  question  which  entered  very  largely 
into  the  everyday  practice  of  the  engineer. 

Mr.  J.  Hartley  Wicksteed  (Past-President)  said  the  President 
had  made  the  very  significant  remark  that  the  safety  of  ropes  could 
only  be  ensured  by  proper  inspection.  He  himself  thought  there 
was  everything  in  that  remark,  because  people  did  not  quite 
realize  the  fact  that  if  one  single  wire  was  broken  in  a  rope,  it 
upset  the  whole  structure  and  was  the  beginning  of  the  end.  If 
aU  the  constituent  wires  had  been  bound  together  to  pull  parallel 
with  each  other  in  straight  lines,  then  the  breaking  of  one 
wire  would  only  reduce  the  strength  of  the  rope  by  an  aliquot 
proportion ;  but  in  fact  the  wires  were  spirally  wound  into 
strands,  each  complete  strand  w^as  built  up  round  a  core,  and  each 
constituent  wire  was  restrained  by  all  the  other  wires  in  that 
strand    from   altering  its    pitch.       If  a  single  wire  broke   in   this 


728  WIRE  ROrES.  July  1912. 

(Mr.  J.  Hartley  Wicksteed.) 

one  strand,  the  original  structure  of  that  strand  was  impaired 
and  as  soon  as  the  loose  wire  worked  out  of  its  position,  the  curves 
of  the  other  spiral  wires  would  tend  to  straighten  and  the  whole  of 
that  strand  to  lengthen,  and  to  leave  off  doing  its  share  of  the  work 
with  the  other  strands.  And  when  that  strand  had  lengthened  and 
worked  out  of  its  original  position,  it,  in  its  turn,  left  off  restraining 
the  other  strands,  and  the  whole  rope  must  lose  its  symmetry  and 
become  deformed.  In  other  words,  when  a  single  wire  broke,  the 
rapid  destruction  of  the  whole  rope  was  assured,  if  it  kept  on  working 
under  the  same  conditions  as  had  broken  the  first  wire,  when  the 
structure  of  the  rope  was  perfect  as  a  whole.  He  had  tested  a  few 
ropes,  one  of  which  had  364  wires.  It  was  a  rope  of  about  8  inches 
circumference.  By  very  careful  attachments,  every  wire  was  in  an 
equal  state  of  stress,  the  rope  broke  clear  of  the  attachments  with 
280  tons  load  and  with  a  sound  like  the  report  of  a  heavy  pistol. 
Of  course  the  element  of  wear  did  not  come  in,  in  that  direct  test ; 
but  in  the  direct  testing  of  ropes  which  he  had  made,  he  had  always 
found  that  the  giipping  of  every  single  wire,  without  any  disturbance 
of  the  structure  by  splicing  or  otherwise,  was  essential  for  ascertaining 
the  veritable  strength  of  any  rope,  whether  of  wire  or  of  hemp. 
He  had  tested  hemp  ropes  spliced  with  eyelets  for  attachment,  and 
out  of  a  large  number  of  tests,  very  few  gave  more  than  5  tons 
ultimate  strength.  By  means  of  certain  attachments,  which  did 
not  involve  splicing  or  disturbing  the  coil  of  the  rope,  and  did  not 
involve  the  cutting  or  wounding  of  a  single  fibre  in  the  rope,  the 
loads  went  up  to  the  region  of  7  tons.  He  did  not  think  the  same 
care  had  been  taken  in  the  attachment  of  ropes  in  actual  practice 
as  had  been  found  necessary  for  the  attachment  of  ropes  in  order 
to  prove  them  to  their  full  capacity. 

No  doubt  in  mines  or  cranes  the  bending  of  the  rope  would 
destroy  it  before  the  attachments  were  destroyed.  In  deep  mines, 
however,  such  as  there  were  in  South  Africa,  which  were  getting  on 
for  nearly  a  mile  deep,  some  important  wear  of  the  rope  took 
place  near  the  attachment,  on  account  of  a  tendency  in  the  long 
rope  to  twist  one  way  and  the  other  way  as  it  lengthened  and 
shortened. 
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He  did  not  know  whether  he  ought  to  go  any  further  into  the 
subject  of  testing,  but  he  might  just  mention  that  a  machine  had 
been  devised,  and  experimented  with  on  a  small  scale,  which  would 
put,  in  ten  minutes,  as  much  wear  upon  a  rope  as  it  might  take  ten 
years  of  actual  work  to  do.  It  seemed  to  him  that  a  great  deal  of 
time  was  wasted  in  making  investigations  and  in  collating  the 
experience  resulting  from  accidents  and  failures,  which  might  be 
profitably  saved  by  the  spending  of  a  few  hundred  pounds  on  an 
efficient  machine,  by  which  experiments  could  be  made  in  a  short 
time  and  without  accidents. 

He  had  found  in  his  experience  that  machines  could  make 
discoveries.  He  would  not  say  that  they  could  make  inventions, 
but  they  certainly  could  make  discoveries.  A  machine  could  make 
discoveries  that  clever  men  had  spent  years  over  in  searching  for 
without  discovering.  A  machine  that  was  so  constructed  as  to  make 
a  mechanical  record  of  everything  that  happened — a  continuous 
automatic  record — would,  he  thought,  be  competent  to  clear  up  any 
outstanding  questions  there  might  be  as  to  the  endurance  of  ropes 
of  diflferent  constructions,  both  up  to  the  point  of  the  first  wire 
breaking,  and  afterwards,  up  to  the  complete  destruction  of  the 
rope  under  the  same  conditions  of  loading  and  bending  as  subsisted 
at  the  time  of  the  first  failure  of  a  single  wire. 

Dr.  William  H.  Maw  (Past-President)  said  the  author  had 
referred  quite  rightly  to  the  unnecessary  use  of  reverse  bends  in  a 
number  of  cranes  that  were  generally  employed.  He  thought  in  a 
large  number  of  instances  this  arose  from  retaining  arrangements 
which  were  perfectly  satisfactory  with  chains,  but  which  were 
decidedly  unsatisfactory  with  ropes.  A  very  prominent  case  of  that 
kind  was  in  the  arrangement  of  foundry  cranes,  and  cranes  serving 
steam-hammers.  A  very  common  arrangement  in  such  cranes  was 
to  have  chains  led  over  the  pulleys  as  shown  in  the  sketch,  Fig.  13 
(page  730).  There  was  in  this  arrangement  a  90°  bend  in  one 
direction,  next  a  reverse  bend  of  180°,  and  finally  a  90°  bend  in  the 
same  direction  as  the  original  bend.  Some  years  ago,  when  he  was 
going  through  Messrs.  Tannett- Walker's  Works  at  Leeds,  Colonel 
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Tannett- Walker  showed  him  a  very  simple  alteration  which  he  had 
made  in  the  cranes  of  this  class,  which  was  deserving  of  being 
adopted  more  largely.  With  cranes  using  chains  the  original 
arrangement  was  quite  satisfactory ;  when  ropes  were  put  in  very 
severe  wear  was  experienced.  To  reduce  this,  Colonel  Tannett- 
Walker  put  two  pulleys  side  by  side  on  the  same  axis,  as  shown  in 


Fig.  13. 


Fig.  14. 
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Fig.  14;  he  took  the  rope  over  one  of  these  pulleys,  then  down  to 
the  hook  pulley,  round  that  pulley  and  then  up  over  the  second  of 
the  top  puUeys.  With  that  arrangement  all  the  bends  were  in  the 
same  direction ;  and  Colonel  Tannett- Walker  informed  him  that 
this  simple  alteration  increased  the  life  of  the  ropes,  if  he  remembered 
rightly,  about  50  per  cent. 

Mr.  Thomas  James  said  that  one  of  the  things  which  troubled 
him  a  little  while  ago  was  to  what  extent  he  could  allow  a  rope  on 
a  crane  to  continue  at  work,  assuming  there  were  strands  broken. 
He  asked  several  engineers  of  experience  what  rule  they  followed 
in  allowing  a  rope  to  continue  at  work  after  a  certain  number  of 
strands  had  broken,  presuming  that  very  careful  inspection  was 
periodically  made  to  see  that  there  was  no  general  deterioration  in 
the  rope ;  and  he  had  some  difficulty  in  getting  any  information 
from  them.  One  engineer  told  him  that  he  decided  on  the 
circumstances  of  the  case  at  the  time ;  another  said  that  if  it  was 
not  too  bad,  he  would  let  it  go  on.  Those  seemed  to  him  to  be 
very  unsatisfactory  answers. 

He  had  charge  of  a  considerable  amount  of  mechanical 
apparatus,  and  if  he  were  asked  why  he  allowed  certain  wire  ropes 
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to  continue  working,  he  wanted  to  be  in  a  position  to  give  a 
satisfactoiy  answer.  He  was  able  to  refer  to  a  few  reliable  tests, 
the  results  of  which  he  woukl  briefly  quote  to  the  Meeting.  The 
first  test  was  made  on  a  rope  of  2  inches  circumference  with  six 
strands  of  37  wires  each,  making  222  wires  altogether,  with  hemp 
core.  The  basis  upon  which  he  set  to  work  was  that  there  should 
not  be  a  factor  of  safety  of  less  than  8  to  1 .  A  rope,  which  had 
been  in  use  for  some  time  on  that  basis,  was  tested  again  and  was 
found  to  be  still  within  the  margin,  in  fact  it  was  rather  curious 
that  it  came  a  decimal  point  or  two  over  a  piece  of  the  same  rope 
when  new,  namely,  8*23,  as  against  8-15,  which  was  on  record  as 
its  original  factor  of  safety.  Of  that  specimen  two  wires  were 
subsequently  broken,  and  the  factor  of  safety  still  remained  up  to 
8  to  1 — actually  8*03,  as  compared  with  8-23  with  all  the  strands 
perfect.  Continuing  the  experiment,  18  wires  out  of  the  222  were 
cut  through,  and  the  factor  of  safety  was  then  7*5  to  1 .  Then  an 
additional  20  wires  were  cut,  that  is,  four  in  each  of  five  strands, 
close  together,  in  addition  to  22  broken  wires,  and  the  factor  of 
safety  then  fell  to  7  •  42,  that  is,  42  wires  cut  or  broken  out  of  a 
total  of  222,  leaving  the  factor  of  safety  7*42  to  1.  A  piece  out  of 
the  same  length  of  rope  was  again  tested,  72  of  the  wires  being 
cut  (12  in  each  strand)  in  addition  to  1  wire  already  broken,  the 
factor  of  safety  falling  to  7*125  to  1.  One  of  the  answers  which 
he  obtained  from  the  engineers  whom  he  consulted  was  that  they 
would  not  let  the  rope  be  worked  unless  it  appeared  safe,  and  one 
would  hardly  let  a  rope  go  on  working  with  73  wires  broken.  As  a 
final  test,  to  bring  it  down  to  a  mvich  lower  factor  of  safety,  two  out 
of  the  six  strands  were  cut  right  through  at  opposite  sides,  in 
addition  to  5  wires  broken,  making  a  total  of  79  wires  cut  or  broken, 
and  a  factor  of  safety  was  then  obtained  of  only  5 '  34  to  1 . 

Those  experiments  led  them  to  decide  that  the  strength  of  the 
rope  decreased  proportionately  with  the  number  of  broken  wires, 
irrespective  of  whether  the  breaks  occurred  in  the  same  strand,  or 
were  divided  amongst  the  other  strands.  The  object  of  the  tests 
was  to  fix  a  necessary  scrapping  limit.  It  was  rather  a  serious 
matter  to  scrap  a  rope  too  soon,  and  it  was  also  a  serious  matter  to 

3  .i-  2 


732  WIRE    KOPES.  Jli.y  1912. 

(Mr.  Tlioinns  James.) 

see  a  rope  working  with  certain  of  its  strand.s  broken,  if  one  did 
not  know  exactly  how  it  would  stand.  It  was  sugge.sted  that  the 
results  obtained  from  the  experiments  allowed  a  loss  of  10  per  cent, 
to  be  incurred,  that  is  22  wires  cut  still  left  7 '4  factor  of  safety 
against  the  original  8*2.  That  was  without  making  any  further 
allowance  for  margin  of  safety,  or  "  so  much  for  luck,"  an  expression 
that  an  engineer  ought  hardly  to  use.  But  if  10  per  cent,  was 
allowed  on  figures  from  experiment,  so  much  must  be  allowed 
for 

The  Presidext  :  The  personal  factor. 

Mr.  James  agreed  with  the  President.  So  far  as  the  experiments 
were  concerned,  the  principle  was  adopted  that  wire  ropes  on 
cranes  should  not  be  worked  when  more  than  4  per  cent,  of  the 
wires  were  broken,  all  other  things  being  satisfactoiy,  with  frequent 
periodical  examinations  to  see  that  there  was  no  general  deterioration 
in  the  ropes. 

The  President  inquired  whether  the  rope  on  which  the 
experiments  were  made  was  a  new  rope,  or  whether  it  had  been 
already  heavily  worn. 

Mr.  James  replied  that  the  rope  had  been  in  use  for  fifteen 
months,  until  two  of  the  wires  were  broken. 

Mr.  Thomas  Burke  (Belfast  Harbour  Board)  said  that  a  good 
many  wire  ropes  were  used  at  the  Belfast  Harbour  Works,  in 
connection  with  which  a  system  had  been  adopted  whereby  when 
the  rope  came  from  the  crane-maker  it  received  a  number.  It  was 
put  on  the  crane,  and  after  a  certain  time  it  was  taken  ofi".  IvTo 
rope  was  allowed  to  work  for  longer  than  four  months,  if 
continuously  working,  or  a  certain  number  of  turns.  When  a  rope 
had  lifted  10,000  tons,  it  was  taken  off.  It  was  a  3-inch  rope 
working  over  a  22-inch  pulley  with  a  straight  lift  where  possible. 
The  factor  of  safety  used  was  not  8  to  1,  but  nothing  less  than 
10  to  1. 
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The  President  inquired  whether  the  rope  was  scrapped  after  it 
had  lifted  10,000  tons. 

Mr.  Burke  replied  in  the  affirmative.  10,000  tons  was  the 
maximum  amoimt  of  work  a  rope  was  allowed  to  do.  In  the  large 
7-inch  ropes  a  life  of  ten  years  was  allowed. 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council)  said  there  was  one 
aspect  of  the  question  that  had  not  been  dealt  with  in  the 
discussion,  namely,  the  question  of  wear  at  the  point  of  contact.  If 
the  ordinary  lay  was  considered,  in  which  the  winding  was  taken 
across  as  in  an  ordinary  rope,  it  would  be  seen  that  there  was  a  great 
difference  between  the  contact  of  the  separate  wires  in  this  case 
and  in  the  case  in  which  Lang's  lay  was  used.  This  i-esulted  in  a 
corresponding  diflPerence  in  the  wear  at  the  point  of  contact  of  a 
wire  rope  w^ound  against  the  twist  and  a  rope  that  was  wound  with 
the  twist.  It  was  known  that  Lang's  lay  gave  trouble  in 
connection  with  the  rope  as  a  whole,  because  it  had  not  the 
property  which  kept  the  rope  together,  but  it  appeared  to  him  to 
be  a  much  better  kind  of  rope  from  the  point  of  view  of  contact 
wear.  This  was  a  point,  however,  on  which  some  interesting 
questions  arose.  One  thing  was  certain,  that  this  contact  wear  for 
ropes  running  on  pulleys  needed  investigation. 

During  the  time  that  he  was  in  South  Africa  a  terrible 
accident  occurred,  in  which  forty  Kaffirs  were  killed  through  the 
snapping  of  a  rope,  whereby  they  fell  down  the  whole  length  of 
Robinson's  deep  mine — a  distance  of  between  three  and  f  ovu'  thousand 
feet.  He  was  at  the  Technical  Institute  at  Johannesburg  then,  and 
had  the  rope  to  examine.  Taking  a  separate  wire  and  stretching  it 
out,  he  discovered  that  where  it  came  in  contact  with  the  pulley  it 
was  worn  through  in  many  cases.  All  the  wires  that  touched  the 
pulley  were  worn  at  this  point  of  contact.  Why  did  that  take 
place  ?  There  was  no  doubt,  that  what  happened  was  that  ^7here 
the  wire  rope  was  bent  round,  the  individual  wire  slipped  on 
the  pulley.  There  was  not  the  slightest  doubt  that  there  must  be 
a  stretch  on  those  large    pulleys  under  the  enormous  strain,  and 
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that  the  vrire   was  not  worn  by  pressing   against  the  pulley  but 
by  slip  in  the  actual  take  on  and  off  owing  to  the  stretch. 

The  accident  in  question  practically  led  to  the  abandonment  of 
the  flat  rope,  though  the  flat  rope  appeared  quite  a  feasible  thing 
because  it  had  so  little  bending  strain.  Xo  doubt  the  reason  why 
disasters  occurred  with  flat  ropes  was  because  the  ropes  could  not  be 
inspected.  The  way  to  inspect  an  ordinary  wire  rope  was  to  prise 
it  open  and  examine  the  wires  separately,  but  this  could  not  be 
done  with  a  flat  rope.  The  suggestion  he  desired  to  make,  in 
conclusion,  was  that  the  whole  question  of  the  wear  of  wire  ropes 
over  pulleys  ought  to  be  investigated  by  the  Institution.  He  did 
not  refer  so  much  to  the  ropes  that  were  used  for  direct  pull,  but 
to  the  ropes  that  were  being  put  into  use  every  day  in  ever- 
increasing  numbers  for  dinving  over  pulleys,  and  particularly  in 
connection  with  lifts  and  hoists. 

Mr.  Daniel  Adamsox,  in  reply,  in  the  first  place  thanked  the 
President  for  pointing  out  the  great  importance  of  care  and 
inspection  in  the  use  of  wire  ropes.  The  designer  and  the  wire- 
rope  maker  might  each  do  his  best,  but  by  negligent  use 
afterwards  the  rope  could  very  quickly  be  seriously  damaged. 

Mr.  Kobert  Matthews  (page  723)  had  criticized  his  method  of 
comparing  the  number  of  bends  to  which  the  rope  was  subjected 
when  working  under  the  different  arrangements  indicated  by 
Figs.  5-12  (page  716)  and  perhaps  some  explanation  on  this  point 
was  desirable.  He  (the  author)  took  into  consideration  only  the 
number  of  bends  through  which  a  given  length  of  rope  could  pass 
while  the  load  travelled  from  the  lowest  to  the  highest  point ;  for 
example,  in  Fig.  5  (mentioned  particularly  by  Mr.  Matthews)  the 
rope  was  certainly  bent  in  more  than  one  place,  but  as  no  portion  of 
the  rope  could  pass  through  more  than  one  of  the  bends  while  at 
work  he  described  this  arrangement  as  including  one  bend. 
Turning  to  Fig.  6  (also  quoted  by  Mr.  Matthews),  it  would  be 
quite  in  the  ordinary  course  of  events  for  one  portion  of  the  rope  to 
pass  under  the  bottom  pulley  (making  a  bend  at  entering  and  a 
second  bend  on  leaving)  and  then  on  to  the  barrel  (making  a  third 
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bend),  and  accordingly  he  had  described  this  as  a  three-bend 
arrangement.  The  bend  at  the  compensating  pulley  was  not 
included  in  any  example,  because  that  portion  of  the  rope  did 
not  pass  any  other  pulleys  and  was  therefore  unaffected  by  the 
arrangement  adopted  for  the  drum  and  pulleys. 

Mr.  Matthews  had  quoted  his  reference  to  the  compensating 
pulley  at  the  foot  of  page  721.  His  intention  in  inserting 
that  paragraph  was  to  emphasize  the  importance  of  making  the 
compensating  pulley  of  reasonable  size.  Although  it  was  not  so 
important  as  the  working  pulleys,  yet  it  was  a  point  that  must  not 
be  overlooked  in  the  design.  Mr.  Matthews  referred  to  Lang's  lay 
as  against  the  ordinary  lay,  and  that  had  also  been  referred  to  by 
some  of  the  other  speakers ;  and  it  was  also  mentioned  in  the  last 
few  words  of  the  Paper.  The  information  he  had  from  the  rope 
makers  was  that  the  Lang's  lay  must  be  more  carefully  dealt  with 
in  putting  on  and  in  working  than  ropes  with  ordinary  lay. 

Mr.  Matthews  also  took  exception  to  the  quotation  of  some 
figures  given  on  page  710.  It  was  perhaps  not  necessary  to 
explain  that  he  did  not  intend  to  imply  that  Mr.  Matthews 
did  not  work  his  cranes  efficiently,  but  he  quoted  those  figures, 
as  the  only  published  figures  with  which  he  was  acquainted, 
to  show  the  great  extremes  that  took  place  in  the  working  of 
cranes.  If  there  were  any  other  authoritative  figures  available, 
he  was  sure  all  the  members  would  be  pleased  to  hear  of  them. 
Personally  he  was  trying  to  emphasize  the  fact  that  some  cranes 
worked  hundreds  of  times  and  others  only  tens  of  times  in  the 
course  of  a  week.  He  gathered  from  Mr.  Matthews'  remarks  that 
he  confirmed  the  accuracy  of  the  figures,  although  he  objected  to 
the  deductions  which  might  be  drawn  from  them.  Mr.  Matthews 
suggested  that  20  to  25  times  the  diameter  of  the  rope  was 
suitable  for  barrels  and  pulleys.  On  page  718  of  the  Paper  he 
had  suggested  that  7  circumferences,  or  say  22  diameters,  was 
a  reasonable  figure.  If  Mr.  Matthews  would  insist  upon  25 
diameters,  or  say  8  circumferences,  for  his  barrels,  and  w^ould 
make  the  bott>om  pulleys  2  circumferences  larger,  his  (the 
author's)  opinion  was  that  the   ropes  would  last  twice  as  long  as 
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they  did  at  present.     That  was  a  point  made  in  the  Paper — that 

it    was    important    to    increase    the     diameters    of    the    bottom 

pulleys. 

Mr.  Matthews  also  suggested  that  a  double  bend  was  worse 
than  two  ordinary  bends.  In  making  that  statement  he  (the 
author)  merely  quoted  from  Mr.  Biggart's  results.  If  a  reverse 
bend  was  worse  than  two  ordinary  bends,  there  was  the  greater 
reason  for  designing  cranes  and  hoists  so  as  to  avoid  them.  There 
was  one  statement  of  Mr.  Matthews  with  which  he  agreed,  namely, 
that  he  hoped  the  discussion  would  help  all  the  members  to  come 
to  a  right  conclusion. 

Mr.  A.  Basil  Wilson  also  referred  (page  725)  to  the  disadvantage 
of  reverse  bends,  and  pointed  out  that,  in  the  building  in  which  the 
Meeting  was  being  held,  a  hoist  with  two  reverse  bends  and  three 
primary  bends  lasted  one  session,  whereas  when  an  arrangement, 
including  only  one  primary  bend,  was  substituted  very  benej&cial 
results  followed.  According  to  the  Paper  the  rope  should  last 
seven  times  as  long.  Life  was  short,  and  it  would  be  necessary  to 
wait  a  little  while  to  see  whether  that  was  the  case,  that  is,  that 
two  reverse  bends  and  three  primary  bends  were  seven  times  as 
destructive  to  the  rope  as  the  single  bend  now  in  use. 

Mr.  Wilson  asked  a  question  as  to  the  efi'ect  of  partial  bends. 
His  own  opinion  was  that  partial  bends  would  be  quite  as 
objectionable  as  whole  bends,  if  the  loading  was  similar  in  the 
two  cases.  The  opinion  that  had  generally  been  held  up  to  the 
present  was  that  the  life  of  a  rope  depended  upon  the  stresses  due 
to  bending,  but  it  depended  very  largely  upon  the  amount  of  the 
abrasion  that  took  place,  and  the  amount  of  the  abrasion  depended 
certainly  upon  the  loading  between  the  rope  and  the  pulley — 
exactly  to  what  extent  he  had  not  been  able  to  ascertain.  As  a 
rough  approximation,  a  quarter  of  the  wear  and  tear  on  a  rope 
might  be  put  down  to  the  fatigue  due  to  bending,  and  three- 
quarters  of  it  to  the  abrasion  which  took  place  between  the  wires 
and  the  pulleys.  That  w-as  a  very  rough  approximation,  but  it 
showed  the  importance  of  considering  abrasion  when  discussing  the 
life  of  a  rope.     He  suggested  that  with  a  partial  bend  the  abrasion 
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might  be  proportionate  to  the  angle  included  in  the  arc  of  contact 
with  the  pulley  as  compared  with  a  180°  bend. 

Mr.  Wicksteed  referred  (page  727)  to  the  difference  between 
the  strength  of  single  wii-es  and  the  aggregate  strength  of  the  same 
wires  when  built  up  into  a  rope.  Ropes  never  quite  attained  the 
full  strength  of  the  aggregate  wires  in  the  rope,  for  the  reason  that 
Mr.  Wicksteed  explained,  namely,  the  difficulty  of  equal  loading  of 
the  wires.  Mr.  Wicksteed  also  emphasized  the  importance  of  the 
attachment  of  the  wire  rope  to  the  hoisting  appliance,  and  that 
was  certainly  a  matter  which  deserved  consideration  under  the 
heading  of  the  Paper. 

Another  point  Mr.  Wicksteed  mentioned  was  that  in  deep 
mines  the  effects  of  fatigue  appeared  to  be  shown  at  the 
attachment,  presumably  at  the  attachment  to  the  cage  rather 
than  to  the  drum.  Failures  would  generally  occur  at  the 
attachment  of  the  rope  to  the  cage,  if  the  breakage  was 
due  to  the  sudden  starting  of  the  load,  for  the  reason  that 
the  effects  of  inertia  were  very  much  more  severely  felt  at  that 
point. 

Mr.  Wicksteed  mentioned  a  testing  machine  for  investigating 
the  durability  of  ropes,  and  Dr.  Hele-Shaw  had  suggested 
(page  734)  that  a  Committee  of  the  Institution  should  institute  a 
research.  The  President  had  said  the  subject  required  research, 
and  he  would  like  personally  to  recommend  the  question  of  the 
durability  of  wire  ropes  to  the  consideration  of  the  Council  as  a 
desirable  object  for  investigation. 

Dr.  Maw  referred  (page  729)  to  the  very  frequent  fault  in 
human  affairs  of  retaining  old  arrangements  with  new  devices, 
until  one  found  out  the  error  and  the  mistake  in  so  doing. 
Dr.  Maw  had  given  an  example  of  an  advantageous  application 
of  the  common  sense  which  engineers  were  to  a  smaller  or  greater 
extent  endowed  with,  and  it  rather  seemed  to  be  a  reflection  upon 
Mr.  Wicksteed's  suggestion  that  n,  machine  could  find  out  such 
things.  There  was  room  both  for  the  machine  and  for  the  brain 
power  of  the  individual. 


738  WIRE   HOPES.  .TuiA-  1912. 

(Mr.  Daniel  Adamson.) 

Mr.  Thomas  James  gave  some  very  interesting  figures  (page  731) 
obtained  from  the  testing  of  ropes  which  had  been  in  use  about  two 
years,  and  in  which  the  strands  were  experimentally  cut  through, 
and  suggested  that  when  4  per  cent,  of  the  wires  were  broken  the 
life  of  the  rope  was  ended.  It  was  very  difficult  to  count  the 
number  of  wires  broken  in  a  rope  unless  they  all  happened  to  be  in 
the  same  place,  because  if  they  were  distributed  along  the  whole 
length  of  the  rope  it  might  be  thought  that  each  wire  was  only  one 
out  of  the  300  odd  and  that  the  other  wires  were  intact  near  it. 
The  suggestion  was  not  original — it  had  been  suggested  to  him 
during  the  Meeting — that  the  whole  of  the  wires,  or  a  very  large 
number  of  the  wires,  might  be  broken  in  different  parts  of 
the  same  rope,  the  first  intimation  of  which  was  that  the  rope 
puUed  out ;  and,  due  to  that  element  of  luck  which  one  speaker 
Referred  to,  it  frequently  happened  that  the  rope  pulled  out  when 
under  a  very  much  smaller  load  than  it  had  been  previously 
carrying. 


Communication  s. 

Mr.  H.  LowTHiAN  Barge  wrote  that,  dealing  with  Section  (a), 
quality  of  material  and  size  of  wire,  the  author  remarked  that 
some  rope-makers  claimed  as  an  advantage  for  the  stronger 
material  that  "  it  does  enable  smaller  pulleys  to  be  used."  The 
writer  would  like  to  point  out  that  what  was  claimed  was  not 
that  smaller  pulleys  could  be  used,  but  that  ropes  of  greater 
ultimate  breaking  stress  might  be  used  for  pulleys  of  the  same 
diameter. 

With  regard  to  paragraph  2  on  page  709,  it  would  appear  that 
the  author  was  assuming  that,  in  increasing  the  number  of  wires, 
the  additional  wires  were  always  added  in  the  outer  circumference 
of  the  strands,  as  he  said  that  in  a  rope  having  four  times  as  many 
wires  in  it,  the  pressure  between  the  wires  and  the  sheaves  might 
be  assumed  to  be  one-quarter  the  pressure  in  the  original  case.  As 
a  matter  of  fact,  when  the  numbei*  of  wires  in  a  rope  was  increased, 
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in  almost  all  cases  these  wires  were  introduced  in  the  centre  of  the 
strands.  Fig.  15,  Plate  39,  showed  ropes  having  various  numbers 
of  wires  in  each  strand,  which  he  hoped  would  make  this  point 
clear. 

With  regard  to  the  internal  abrasion  (page  710),  it  was  very 
desirable  in  ordering  crane  or  other  running  rope  that  it  should 
be  specified  that  the  individual  wires  should  be  thoroughly 
lubricated  during  manufacture.  By  this  means  a  considerable 
amount  of  abrasion  was  avoided,  as  in  oiHng  the  outside  of  a  rope 
it  was  by  no  means  likely  that  the  oil  would  percolate  through  to 
the  inner  wires  of  the  multiple  wire  strands. 

With  regard  to  the  last  paragraph  in  the  Paper  (page  722), 
ropes  made  on  the  so-called  Lang's  lay  principle  should  be  used 
with  both  ends  fixed  or  spliced  into  an  endless  band,  otherwise 
they  had  a  tendency  to  unlay.  Undoubtedly  ropes  made  on 
Lang's  lay  presented  more  wearing  surface,  as  could  be  readily 
seen  from  the  illustrations  at  the  foot  of  Plate  39,  bvit  size  for  size 
with  ropes  of  ordinary  lay  they  were  not  so  flexible,  as  well  as 
having  the  disadvantages  mentioned  above.  He  thought  the 
Paper  was  most  interesting,  and  that  it  added  considei^ably  to  the 
somewhat  meagre  amount  of  technical  information  available  with 
regard  to  the  working  of  wire  ropes. 

Mr.  H.  H.  Broughton  wrote  that  he  agreed,  in  the  main,  with 
many  of  the  author's  deductions.  He  was,  however,  of  the  opinion 
that  numerical  constants  for  the  determination  of  the  life  of  crane 
ropes  based  on  Mr.  Biggart's  experiments  were  not  as  valuable  to 
designers  as  they  might  have  been,  had  the  experiments  taken  into 
account  several  factors  which  had  a  far-reaching  effect  on  the  life 
of  a  rope.  Three  of  the  factors  were : — (i)  Frequency  of  starting 
and  stopping;  (ii)  Eftect  of  reversal;  and  (iii)  Effect  of  impact. 
There  wei-e  other  factors  that  were  not  covered  by  Biggart's 
expei'iments. 

He  regarded  wdth  considerable  suspicion  the  rule  given  in  the 
Paper  for  doubling  the  life  of  a  rope,  and  he  would  ask  the  author 
if  his  firm  had  succeeded  in  doubling  the  life  of  a  rope  in  tliat  way. 


740  WIRE  ROPES.  July  191-2. 

(Mr.  H.  H.  Broughton.) 

Perhaps  he  had  di-awn  wrong  conclusions,  and  to  make  certain  he 
would  like  the  author's  opinion  in  a  concrete  case,  namely : — that 
of  a  50-ton  crane  with  eight  parts  of  rope,  3^  inches  in  circumference, 
reeved  double,  and  winding  two  parts  on  the  barrel,  block  pulleys 
22  inches  in  diameter.  Was  he  correct  in  assuming  that  if  the 
pulleys  had  been  made  28^  inches  in  diameter,  the  rope  would  have 
lasted  twice  as  long  ? 

It  was  his  opinion  that  the  author  had  not  made  it  clear  that 
very  large  proportions  were  necessary  to  ensure  a  reasonable  life  for 
ropes  on  cranes  with  many  falls  of  rope.  In  the  Table  below  he 
had  set  forth  the  summarized  data  for  the  lifting  gears  of  five 
50-ton  cranes.  The  lifting  speed  was  10  feet  per  minute  in  each 
case,  and  the  motors  were  each  rated  at  50  h.p.  at  420  revolutions 
per  minute. 


Number  of  parts  of  rope  carrying  , 
the  load. 

4 

6 

8 

10 

12 

Force  on  each  rope        .         .         .  tons 

124 

83^ 

6i 

5 

H 

Force  acting  on  barrel  .         .         •      , , 

25 

16| 

12^ 

10 

8J 

Diameter  of  rope           .         .         inches 

Ig 

H 

1 

J 

t      : 

Circumference  of  rope  .         .             ,, 

*i 

^ 

H 

21 

2|     ; 

Diameter  of  barrel  and  sheaves          ,, 

33 

27 

24 

21 

18 

Circumference  of  barrel  and  sheaves   ft. 

8-64 

7-07 

6-28 

5-5 

4-71 

Speed  of  barrel    .         .      revs,  per  min. 

2-32 

4-25 

6-37 

9-1 

12-74 

Speed  reduction  ..... 

181 

99 

66 

46-2 

33 

He  would  take  the  two  extremes,  namely,  the  cases  where  the 
load  was  supported  by  four  pai-ts  of  rope,  and  by  twelve  parts  of 
rope.  Neither  was  a  fx-eak  arrangement.  According  to  the  author, 
the  diameter  of  the  barrel  and  sheaves  for  the  small  rope  (2^  inches 
in  circumference)  should  be  made  nearly  equal  to  the  diameter  for 
the  large  rope  (4|-  inches  in  circumference)  if  the  ropes  had  to  })e 
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equally  durable.  Did  the  author  suggest  that  with  a  ^-inch  rope 
and  18-inc'h  sheaves,  the  rope  would  have  only  one-eighth  the  life 
of  a  1  jj-inch  rope  on  33-inch  sheaves  ?  He  considered  a  ^-inch  rope 
and  18-inch  sheaves  to  be  a  very  liberal  design,  and  with  proper 
attention  the  rope  would  last  for  years. 

On  the  question  of  rope  lubrication  he  was  in  entire  agreement 
with  the  author,  and  he  thought  that  makers  would  be  well  advised 
to  provide  an  appliance  on  the  trolley  for  lubricating  the  rope.  He 
agreed  that  compensating  pulleys  should  be  of  large  diameter,  in 
order  to  minimize  the  effect  of  i*epeated  bending  of  the  rope  at  the 
same  place  due  to  the  slight  movement  of  the  rope. 

With  regard  to  "  Lang's  lay  "  rope,  his  attention  had  recently 
been  drawn  to  a  rope  in  which  the  strands  were  double,  one  on  the 
other,  so  arranged  that  each  rope  acted  against  the  tendency  of  the 
other  to  twist,  which  ensured  the  rope  remaining  even  without  any 
tendency  to  spin. 

As  an  advocate  of  the  application  of  scientific  principles  to  the 
design  of  crane  mechanisms,  he  thought  the  Paper  was  a  valuable 
addition  to  the  literature  on  the  subject.  No  one  would  deny  that 
the  question  of  rope  life  was  important,  but  there  were  many  other 
such  questions  which  would  have  to  be  tackled  before  crane 
practice  could  be  considered  satisfactory. 

Mr.  George  Hughes  (Member  of  Council)  wrote  that  the 
Lancashire  and  Yorkshire  Railway  Company  employed  a  large 
number  of  wire  ropes,  and  the  tabulated  statement  (pages  744-7) 
gave  full  particuLars  of  some  of  them,  of  which  he  had  every 
reason  to  believe  that  the  observations  were  accurately  made.  He 
gave  them  as  existing  facts,  leaving  the  members  to  conclude  that 
the  weak  points  would  be  rectified.  These  perhaps  might  be  of 
greater  service  to  the  members  than  adopting  a  counsel  of 
perfection. 

On  analysing  the  statement,  it  would  be  noted  that  the  poorest 
life  in  number  of  lifts  was  Victoria  Street  Depot  (Liverpool)  goods 
lift,  namely  9,396  Kfts  with  a  ratio  of  36  and  middle  grade  of  steel 
and  lowest  flexibility,  Lang's  lay.     The  ratios  of  pulley  diameters 
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were  good,  namely,  36  and  47.  On  the  face  of  it  this  should  be  one 
of  the  longest-lived  ropes.  The  average  lift  was  13  cwt.  against 
30  cwt.  capacity.  This  rope  must  have  been  injured  although  there 
was  no  record  of  it.  The  best  life  was  Bolton  goods  hoist  with 
478,675  lifts.  The  pulley  ratios  wei"e  very  good,  namely,  36  *  5  and 
47.  Lang's  lay,  middle  grade  of  steel  and  middle  flexibility.  It 
would  be  expected  that  this  should  also  be  good,  but  a  lower  grade 
of  steel  and  a  lower  flexibiHty  should  suffice  in  the  ordinary  way. 
The  next  best  was  the  fellow  to  this  hoist  on  the  other  platform. 

The  next  two  examples  were  Liverpool,  Victoria  Street  Depot, 
passenger  hoist.  Ratios  51  and  36.  Lang's  lay.  Cheapest  grade 
of  steel.  The  next  two  were  the  ropes  on  the  Halliwell  electric 
30-cwt.  cranes.  Ratios  only  20-5.  Middle  gi^ade  steel,  lowest 
flexibility,  ordinary  lay  (old).  The  next  two  were  cranes — one 
5-ton  at  Kewton  Heath  and  the  other  7-ton  steam,  jib-crane  at 
Wyre  Dock.  Neither  of  these  was  worn  out  yet.  Ratios  24  and 
14-5,  the  latter  being  very  low  indeed;  it  was  a  special  compound 
rope  known  as  "  Nuflex."  The  Newton  Heath  crane  is  middle  steel 
and  lowest  flexibility.  The  next  three  9,  10, 11,  are  Newton  Heath 
overhead  cranes.  Ratios  21  to  27.  3rd  flexibility,  middle  steel. 
The  average  load  per  lift  was  very  low  indeed.  Owing  to  their 
high  flexibility  the  ropes  were  liable  to  injury. 

Deahng  with  some  of  the  others,  namely,  Werneth  Cotton  Shed 
overhead  cranes,  15,794  and  23,700  lifts.  These  wei-e  low  and  their 
ratios  were  19  "8.  Lowest  grade  steel.  Ordinary  lay  and  lowest 
flexibility.  For  this  ratio  and  ordinary  lay  a  higher  flexibihty  and 
a  middle  grade  steel  should  give  a  longer  life.  Wyre  Dock 
transpoi-ter.  Fig.  27  (page  743),  40,491  lifts,  which  was  very  poor. 
The  ratio,  18-8,  was  bad,  and  there  w^as  a  treble  turn.  The  wear 
was  excessive  and  new  pulleys  were  being  provided  to  overcome 
this  trouble.     Compound  ropes.     Lowest  grade  steel. 

The  two  cranes  in  the  heavy  machine  shop  at  Horwich  gave  a 
low  life  to  their  ropes.  They  had  a  middle  flexibility  and  middle 
quality,of  steel,  with  19*4  ratio,  which  was  evidently  the  trouble.  The 
ropes  were  large  and  should  have  26—30  ratios.  The  top  one  in  the 
list,  namely,   Horwich  stores  yard  30-cwt.  electric  crane,  w^as  l)ad 
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Examples  of  Pulley  Arrangements  for  Wire  Ropes  on  Cranes  and  Hoists  of  the  Lancashire 
and  Yorkshire  Railway  Company.     {Fujs.  18-31  arc  referred  to  in  Table,  pp.  744-7.) 

Fig.  18. 


Fig.  16. 


Fig.  17. 
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TABLE  1  [coutimted  on  opposite  page). 

Particulars  of  Worh  done  hy  Wire  Ropes  on  Specific  Cranes  and  Moiats 
on  L.  &  Y.  Mailway  during  the  month  of  May  1912. 

Arranged  in  Order  of  Merit. 


Appliance. 


I  I  Maker 

j  Registered!  of 

Capacity.  ;         Lifting 
Appliances. 


Bolton  Passenger,  Down  Platform 

,,  „        Up  Platform 

Liverpool,  Victoria  Street  Depot 

Halliwell  Goods  Warehouse 

Wyre  Dock 

Newton  Heath  ^lachine  Shop 

„      Lifting  Shed,  W 
■p 

.,      Saw  Mill". 
Bolton  Goods  Warehouse  . 

Horwich  Millwrights'  Shop 
Bolton  Goods  ... 
Horwich  Millwrights'  Shop 

Wyre  Dock 

North  Mersey   . 

Horwich  Millwrights'  Shop 

Goole  Railway  Dock 

W^yre  Dock 

Horwich  Heavy  Machine  Shop 

Wyre  Dock 

Horwich  Heavy  Machine  Shop 

,,         Stores  Yard 
Werneth  Cotton  Shed 
Newton  Heath  Saw-Mill  Gantry 
Werneth  Cotton  Shed 
Liverpool,  Victoria  Street  Depot 
Horwich  Boiler  Shop 

Goole  Railway  Dock 

Bolton  Goods  Warehouse  . 


Electric  Goods  Hoist 

Electric  Passenger  Hoist 

Electric  Overhead  Crane 

Steam  Road  Crane 
Electric  Overhead  Crane 


Electric  Jib  Crane 

Electric  Overhead  Crane 

Electric  Goliath 
Electric  Overhead  Crane 

Steam  Road  Crane 
Electric  Cantilever  Crane 
Electric  Overhead  Crane 
i      Hydraulic  Coal  Tip     t 
(  Table  Tipping  f 

Electric  Transporter 
Electric  Overhead  Crane 

Steam  Road  Crane 
Electric  Overhead  Crane 

Electric  Jib  Crane 
Electric  Overhead  Crane 


Electric  Goods  Hoist 

Electric  Gantry 

Hydraulic  Coal  Tip 

(Hopper  Tipping) 

Electric  Goods  Hoist 


10 
15 
10 
15 
10 


1 
1 

10 
10 

Waygood 

0 

7 

0 

7 

,, 

1 

1 

10 
10 

Crompton 

4 

0 

Isles 

5 

0 

Heywood  &  Co. 

10 
10 

0 
0 

J.  Berry 

5 

0 

Craven  Bros. 

2 

10 

P. R.  Jackson 

1 

10 

„ 

10 
40 
10 

0 
0 
0 

J.  Berry 

A.  Chaplin 

J.  Berry 

7 

0 

Isles 

10 

0 

Musker 

20 

0 

J.  Berry 

40 

0 

Tannett-Walkei 

1  5  i  Cowans  Sheldou 

10  0  Vaughan 

4  0  i  Isles 

10  0  Vaughan 


15  heavy 

40      0 

1     10 


P.  R.  Jackson 
Spencer  &  Co. 

Heywood  &  Co. 

Spencer  &  Co. 

Waygood 

L.  &  y.  Railway 

Tannett-Walker 
P.  R.  Jackson 
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{continued  on  next  page)  TABLE  1 . 

Particulars  of  Work  done  by  Wire  Bopes  on  Specific  Cranes  and  Hoists 
on  L.  t£-  Y.  Bailwai/  during  the  month  of  May  1912. 

Arranged  in  Order  of  Merit. 


Circum- 
ference 

of 
Rope. 

i 

No.  of  Strands, 

Diameter 

Diameter 

of 

Jib-Head 

Pulley. 

Diameter 

of 
Bottom 
Pulley. 

Class  of  Steel. 

Construction. 

and  Wires  in 
each  Strand. 

of 
Barrel. 

inches. 

strands. 

wires. 

inches. 

inches. 

inches. 

1 

2 

Improved  Plough 

Lang's  Lay 

6 

27 

23^ 

— 

— 

2 

2 

,,              ,, 

,, 

6 

27 

23^ 

— 

—       1 

3 

2 

Improved  Crucible 

,, 

6 

12 

m 

— 

— 

4 

2 

„               ,, 

,, 

6 

12 

32^ 

— 

— 

5 

1| 

Improved  Plough 

old 

6 

19 

111 

— 

6 

^ 

,,               ,, 

>i 

6 

19 

11| 

— 

— 

7 

H 

Improved  Crucible 

Compound 

34 

7 

15 

24 

— 

8 

H 

Improved  Plough 

Ordinary 

6 

19 

Hi 

— 

14 

9 

2 

„ 

6 

30 

13 



13 

110 

2 

>)               )> 

jj 

6 

30 

13 

— 

13 

111 

H 

„               „ 

„ 

6 

19 

13J 

— 

lOi 

12 

H 

„              ,, 

old 

6 

37 

14| 

14| 

— 

13 

^ 

,,               ,, 

,, 

6 

14 

13^ 

llf 

— 

14 

n 

,,               ,, 

Ordinary 

6 

19 

13 

13| 

15 

H 

)>              )) 

Lang's  Lay 

6 

37 

23 

— 

21 

16 

H 

„ 

Ordinary 

6 

19 

13 

— 

13| 

17 

2| 

II              11 

Compound 

34 

7 

18 

21 

17 

18 

H 

„               ,, 

Lang's  Lay 

6 

27 

m 

— 

m 

19 

H 

,. 

Ordinary 

6 

27 

14i 

— 

17| 

20 

3|- 

.. 

Compound 

34 

7 

36 

— 

— 

21 

2 

Crucible 

17 

7 

24 



12 

22 

2 

Improved  Plough 

Ordinary 

6 

27 

15 

— 

121 

23 

H 

Improved  Crucible 

,, 

34 

7 

15 

24 

— 

24 

2 

Improved  Plough 

" 

6 

27 

15 

— 

12| 

26 

li 

., 

6 

19 

llf 

12 



26 

H 

Improved  Crucible 

old 

6 

14 

io| 

— 

— 

27 

H 

Improved  Plough 

Ordinary 

6 

19 

18 

— 

12 

28 

Is 

Improved  Crucible 

old 

6 

14 

lOi 

— 

— 

29 

2 

Improved  Plough 

Lang's  Lay 

6 

19 

23 

— 

~ 

30 

2 

„ 

Ordinary 

6 

27 

20| 

— 

18h 

31 

H 

„ 

Compound 

34 

7 

42 

— 

— 

32 

2i 

.1 

Lang's  Lay 

6 

37 

35| 

— 

— 
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TABLE  1  {continued  from  previous  page). 

Particulars  of  Work  done  hy  Wire  Hopes  on  Specific  Cranes  and  Hoists 
on  L.  &  Y.  Baihcay  during  the  month  of  May  1912. 

Arranged  in  Order  of  Merit. 


CO 

3 

1 

19 

2 

19 

3 

30 

4 

30 

5 

18 

6 

18 

7 

20 

8 

24 

9 

24 

10 

24 

11 

23 

12 

19 

13 

19 

14 

24 

15 

26 

16 

24 

17 

21 

18 

23 

19 

26 

20 

01 

28 

Place. 


Appliance. 


Diameter 
of  Guide 
or  Jockey 
,   PuUey. 


inches. 

Bolton  Passenger,  Down  Platform  '     Electric  Goods  Hoist  29f 

Up  Platform  „  „  „  29| 

Liverpool,  Victoria  Street  Depot     Electric  Passenger  Hoist  23 

,,       i         „  .,  „  28 

Halliwell  Goods  Warehouse        .     Electric  Overhead  Crane  '  — 


Wyre  Dock 

Newton  Heath  Machine  Shop 

„      Lifting  Shed,  W 

„     E 
.,      Saw  Mill   . 
Bolton  Goods  Warehouse  . 

Horwich  Millwrights'  Shop 

Bolton  Goods    . 

Horwich  Millwrights'  Shop 

Wyre  Dock 

North  Mersey    . 

Horwich  Millwrights'  Shop 

Goole  Railway  Dock . 

Wyre  Dock 

Horwich  Heavy  Machine  Shop 

Wyre  Dock 

Horwich  Heavy  Machine  Shop 

,,         Stores  Yard 
Werneth  Cotton  Shed 
Newton  Heath  Saw  Mill  Gantry 
Werneth  Cotton  Shed 
Liverpool,  Victoria  Street  Depot 
Horwich  Boiler  Shop 
Goole  Railway  Dock 
Bolton  Goods  Warehouse  . 


Steam  Road  Crane 
Electric  Overhead  Crane 


Electric  Jib  Crane 

Electric  Overhead  Crane 

Electric  Goliath 
Electric  Overhead  Crane 

Steam  Road  Crane 

Electric  Cantilever  Crane 

Electric  Overhead  Crane 

I       Hydraulic  Coal  Tip 

Electric  Transporter 

j  Electric  Overhead  Crane 

Steam  Road  Crane 
Electric  Overhead  Crane 

Electric  Jib  Crane 
Electric  Overhead  Crane 


Electric  Goods  Hoist 

Electric  Gantry 
Hydraulic  Coal  Tip 
Electric  Goods  Hoist 


21 


17 


12 


21 


80 


16 


Days 

Lifts 

Worked. 

{a) 

.7 

12,337 

27 

8,187 

26 

2,603 

26 

2,563 

27 

9,450 

27 

10,974 

17 

6,475 

25 

8,564 

26 

3,341 

26 

6,481 

25 

3,628 

27 

2,972 

27 

3,877 

27 

993 

27 

2,687 

27 

955 

18 

1,422 

26 

2,422 

27 

650 

25 

2,626 

25 

8,998 

27 

4,016 

13 

1,408 

27 

1,880 

27 

527 

26 

7,900 

24 

3,251 

26 

7,897 

26 

87 

27 

876 

20 

50 

1      27 

2,171 
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{concluded  from  page  744)  TABLE  1. 

Particulars  of  Work  done  by  Wire  Mopes  on  Specific  Cranes  and  Hoists 
on  L.  &  Y.  Railway  during  the  month  of  May  1912. 

Arranged  in  Order  of  Merit. 


Average 

Load  per 

Lift. 

(b) 

Average 
Height 
Lifted. 

Maximum 
Load. 

Minimum 
Load. 

Life 

of  Rope 

Already 

Renewed. 

Life  of 
Rope  in 
Number 
Lifts  of 
based 
on  (a). 

Life  of 

Rope 

in  Tons 

Handled 

per 

Rope. 

Ratio  of 
Barrel 

Diameter 
to  Rope 

Diameter. 

Ratio  of 

Bottom  or 

Jockey 

Pulley 

Diameter 

to  Rope 

Diameter. 

t.    c. 

feet. 

t. 

0. 

t. 

c. 

months. 

diameters. 

diameters. 

1 

0    4i 

17-5 

1 

8 

0 

1 

38-8 

478,675 

108,180 

36-5 

47 

2 

0    5-1 

17-4 

1 

8 

0 

1 

45-5 

372,508 

95,548 

36-5 

47 

3 

0    4i 

90 

0 

7 

0 

1 

27 

304,551 

68,521 

51 

36 

4 

0    4| 

90 

0 

7 

0 

1 

27 

299,871 

67,471 

51 

36 

5 

0     5-9 

12 

1 

8 

0 

Of 

26-25 

248,062 

72,680 

20-5 



6 

0     5-4 

6-7 

1 

8 

0 

1 

21 

230.454 

62,107 

20-5 

. 

7 

0    9-1 

17-2 

3 

0 

0 

3 

27* 

174,825 

79,545 

14-5 

23-2 

8 

0    6i 

6 

5 

0 

0 

1 

17* 

145,588 

48,962 

24-1 

29-4 

9 

0    7 

5-1 

5 

0 

0 

1 

42 

140,322 

49,604 

21 

20-4 

10 

1  11 

10-3 

10 

0 

0 

1 

18 

116,658 

123,135 

21 

20-4 

11 

0  12* 

13-5 

5 

0 

0 

1 

30 

108,840 

08,400 

27-5 

22 

12    0    4-6 

5-4 

1 

6 

0 

1 

32-3 

106,000 

24,576 

20-4 

20 

13|  0    4-6 

5-6 

10 

0 

0 

1 

20-8 

80,641 

18,547 

26 

22 

14 

0    5 

4 

5 

0 

0 

Oi 

74* 

73,482 

18,370 

21-8 

23 

15 

1     2 

7-2 

20 

0 

0 

1 

26-7 

71,877 

79,208 

18-6 

17 

16 

0    5J 

4 

5 

0 

0 

Oi 

74* 

70,670 

18,551 

21-8 

23 

17 

0  17-1 

15-5 

6 

0 

0 

4 

48 

68,256 

58,700 

20-6 

19-5 

18 

1    9 

5-7 

9 

15 

0 

2 

24 

58,128 

84,285 

24 

24 

19 

0    5J 

3-7 

4 

0 

0 

04 

74* 

48,100 

13,227 

20-2 

25 

20 

17  10 

30 

29 

18 

10 

9 

18 

47,268 

827,190 

30 

None 

21 

0  17J 

21-5 

1 

5 

0 

04 

4-5 

40,491 

35,429 

37-7 

18-8 

22 

1     8 

14 

10 

0 

0 

2i 

10 

40,160 

56,880 

23-6 

19-4 

23 

0  10-3 

14 

3 

0 

0 

4 

25* 

35,200 

18,128 

14-5 

23-2 

24 

0  19 

14 

10 

0 

0 

2J 

17 

31,960 

30,362 

23-6 

19-4 

25 

0    8 

6 

1 

3 

0 

2 

54 

28,358 

11,343 

22-7 

23-4 

26 

0    4J 

12 

0 

63 

0 

3 

3 

23,700 

5,334 

19-8 

None 

27 

0    7| 

6 

5 

0 

0 

H 

5* 

16,255 

6,397 

38 

25 

28!  0    4 

12 

0 

6f 

0 

3 

2 

15,794 

3,553 

19-8 



29    0  13 

25 

1 

5 

0 

4 

108 

9,396 

6,107 

36 

47 

30    1  15 

6 

11 

6 

0 

Oi 

6* 

5,256 

9,198 

32 

28-5 

31  17    7 

38 

29 

1 

4 

11 

60 

8,000 

52,050 

31 

None 

32 1  0  10-8 

25 

1 

8 

0 

1 

23-1 

2,508 

27,236 

49-5 

22-3 

*  First  rope  still  in  service. 
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(28,358  lifts),  for  which  there  seemed  no  reason.  Ratio  22*7, 
middle  grade  steel,  lowest  flexibility,  ordinary  lay.  There  should 
be  a  larger  puUey  and  barrel.  North  Mersey  cantilever  was  low 
lived.  Ratio  24,  middle  flexibility,  middle  grade  steel,  Lang's  lay. 
Wyre  Dock  steam  cranes  were  bad.  The  ratio  was  low  (14*5  and 
20*6),  although  one  crane  was  three  and  five  times  better  than 
the  other.  They  gave  out  where  fastened  to  the  socket  with  lead, 
owing  to  galvanic  action. 

All  wire  ropes  w^ere  kept  well  greased  or  oiled,  and  galvanized 
ropes  were  not  used.  Their  renewals  were  based  upon  the  life  of 
the  rope  preceding  the  present  rope,  except  where  the  rope 
had  had  an  accident.  In  a  few  cases  it  was  the  average  of 
several  renewals.  Lang's  lay  could  only  be  used  in  hoists  w'here 
the  ends  were  both  fixed.  Otherwise  the  ropes  would  unravel. 
Ordinary  lay  was  less  liable  to  unravel,  but  the  wear  on  the  rope 
was  greater  because  a  lesser  surface  of  the  wires  lay  upon  the 
pulley.  They  tried  to  overcome  this  by  using  compound  or 
"  Nuflex  "  ropes,  but  the  objection  to  these  was  their  dehcacy  ;  they 
were  easily  injured  by  rubbing  against  anything,  or  a  blow,  or  one 
coil  lapping  on  another.  The  most  surprising  part  of  the  report 
was  the  good  work  done  by  the  Halliwell  crane  ropes,  which  were 
very  hard  worked  and  had  a  ratio  of  only  20  ■  5  with  a  loose  end. 

The  conclusions  the  writer  drew  were  as  follows : — 

1.  In  general,  use  the  lowest  grade  of  steel. 

2.  In  general,  use  the  middle  flexibility. 

3.  Use  Lang's  lay,  if  possible. 

4.  Ratio  of  pulley  to  rope  diameter  not  less  than  26. 

5.  30  was  better  if  it  could  be  obtained. 

6.  If  30  to  40  could  be  got,  use  it  and  keep  then  to  the  lowest 
flexibility  instead  of  middle  flexibility. 

7.  Try  to  avoid  special  kinds  of  ropes. 

8.  If  queer  double  turns  were  necessary  like  those  shown  in 
Fig.  17  (page  743),  then  let  there  be  scarcely  any  limit  to  the 
pulley  diameters,  and  have  ratio  to  rope  diameters,  say  45  to  50, 
if  at  all  possible.  Only  in  this  direction  could  reasonable  length 
of  life  be  secured. 
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Mr.  C.  Humphrey  Wingfield  wrote  that,  although  much  good 
work  hnd  oeen  achieved  in  showing  how  experimental  results 
applied  to  pi-actical  design,  much  still  remained  to  be  done.  Mr. 
Adamsons  Paper  was  a  most  valuable  contribution  to  practical 
science  in  this  respect.  While  fully  agreeing  with  the  emphasis 
which  the  author  laid  on  the  necessity  for  lubrication  and  the  bad 
effect  of  reverse  bends  on  wire  ropes  for  cranes,  he  (Mr.  Wingfield) 
found  it  difficult  to  follow  the  reasoning  on  pages  708-9,  by  which  the 
author  arrived  at  the  result  that  of  two  ropes  of  equal  diameter, 
sectional  area,  and  load,  one  of  which  was  made  with  wires  half  the 
diameter,  and  therefore  four  times  as  numerous  as  those  in  the 
other,  the  finer  wires  would  wear  out  in  half  the  time  that  the  coarser 
ones  would  do  if  used  on  the  same  sized  puUey,  and  in  one  quarter  of 
the  time  if  the  diameter  of  the  pulley  bore  the  same  proportion  to 
that  of  the  wires  in  each  case.  These  ropes  were  usually  made  in 
six  strands,  and,  if  embraced  by  a  closely  fitting  semicircular  groove 
in  a  pulley,  the  maximum  number  of  wires  in  contact  with  the 
groove  at  any  section  of  an  ordinary  crane  rope  would  be  about  six. 
Reference  to  the  sectional  views  of  flexible  wire  ropes  given  in 
certain  makers'  catalogues,  indiciited  that  with  wires  of  half  the 
usual  diameter  as  many  as  nine  might  touch  the  pulley,  if  the 
diameter  of  the  rope  were  the  same  as  before.  Thus  the  number 
of  points  of  contact  at  a  given  section  would  be  nine-sixths  or 
only  50  per  cent,  more  with  the  finer  wire. 

He  (the  writer)  might  be  wrong,  but  he  thought  the  author  (page 
709)  had  overlooked  the  fact  that  the  pressure  of  individual  wires 
on  the  puUey  was  not  solely  due  to  the  tension  in  those  particular 
wires,  but  also  to  the  squeezing  effect  of  the  outer  wires.  Thus 
the  total  pressure  on  the  pulley  would  be  identical  in  the  two  cases, 
and  the  pressure  per  wire  in  the  special  rope  would  be  six-ninths  or 
two-thirds  of  that  in  the  case  of  the  ordinary  rope.  The  author 
said  it  would  be  one-fourth.  The  pressure  per  square  inch  w^ould 
vary  inversely  as  the  diameter  of  the  wire  and  of  the  length  in  contact 
with  the  pulley  (of  which  the  latter's  diameter  was  a  measure). 
Hence,  for  the  fine  wires  it  would  be  (|  -r  i)  =  I  of  that  of  the 
coarser  wires  if  used  on  the  large  pulley  and  {§  -^  (1  X  i)}  =  f  in 
the  case  of  the  smaller  pulley. 
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The  rate  of  wear  might  reasonably  be  expected  to  bear  some 
relation  to  the  relative  motion  per  inch  of  wires  near  the  pulley, 
and,  so  far  as  bending  alone  was  concerned,  this  would  vary  as  the 
ratio  of  the  diameter  of  the  wii-e  to  that  of  the  pulley.*  Hence 
the  rate  of  wear  would  perhaps  be  found  to  vary  as  this  motion 
multiplied  by  the  pressure  per  square  inch  against  the  sides  of  the 
wire,  and  the  time  required  for  the  rope  to  wear  out  would  then 
vary  as  the  reciprocal  of  this  multipKed  by  the  diameter  of  the 
wire.  If  so,  the  fine  wire  on  a  larger  pulley  should  last  three- 
quarters  as  long  as  the  coarser  wire,  and  on  a  smaller  pulley  only 
three-sixteenths  as  long. 

The  following  Table  showed  these  calculations  in  detail. 


Diameter  of  wire    .         .         .         ■      {d) 

i 

* 

Diameter  of  pulley          .         .         .     (D) 

1 

i 

Total  pressure  on  pulley          .         .        P 

1 

1 

No.  of  -wires  in  contact  with  pulley .        N 

9 

9 

Pressure,  per  wire,  on  pulley  (-ij  )    • 

2 

2 
3 

Pressure  on  wire  per  sq.  in.  j^j^    .      (p) 

(i 

-i)  =  i 

{' 

-jix  J) 

d 
Amount  of  sliding  per  inch  of  wire  j^   (S) 

i 

1 

6 

fRate  of  wear  -v^j^j            .         .         .     (W) 

3 

{' 

-  (i  X  §) 

=  1 

Time  to  wear  to  centre  of  wire  (oc  ^xr)  (T) 

i 

-i  =  i 

J 

-f  =  1% 

The  wi'iter  did  not  put  these  figures  forward  as  of  any  value 
beyond  indicating  the  direction  which  further  experiments  should 
take.  So  far  as  possible  he  had  taken  the  figures  for  the  thicker 
wire  as  of  unit  value. 


*  The  total  relative  movement,  in  one  direction,  between  two  contiguous 
wires  at  different  radii  was  twice  as  great  when  two  bends  in  opposite  directions 
occurred  as  when  the  rope  bent  in  one  direction  only. 

6      .    d\         6   . 


t^x^  =  (,TlD4)  = 


ND- 
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The  author  (page  709)  rather  despaired  of  any  agreement  being 
arrived  at  as  to  the  effect  of  stress  apart  from  wear,  on  the 
endurance  by  metals  of  repeated  applications  of  load.  During 
the  discussion  of  Messrs.  Eden,  Kose,  and  Cunningham's  Paper, 
the  writer  exhibited  diagrams  *  which  showed  that,  when  allowance 
was  made  for  the  varying  ultimate  strengths  of  the  materials,  the 
experiments  of  different  investigators  were  more  consistent  than 
might  perhaps  have  been  hoped  for.  He  had  been  unable  to 
conjecture  why  the  author  suggested  that  a  reduction  of  from  40  to 
25  tons  range  should  increase  the  life  500  times.     However,  from 

Fig.  56  (in  loc.  cit.)  he  would  have  thought  about  ^^,  or  say  40 

times,  would  be  a  nearer  approximation.  He  fully  agreed,  however, 
that  even  this  figure  was  not  likely  to  be  approached  in  practice, 
and  that  abrasion  was  a  more  serious  factor  in  the  determination  of 
the  life  of  a  rope. 

The  writer  presumed  the  author  did  not  attach  much  importance 
to  Fig.  2  (page  713),  as  several  of  the  lines  seemed  to  depart  rather 
widely  from  the  dots  through  which  the  lines  in  Fig.  1  were  drawn. 
He  had  checked  several  of  the  dotted  Hues  in  Fig.  3  (page  715),  and 
found  that  they  were  accurately  drawn  through  the  experimental 
dots,  so  that  the  author's  very  simple  and  practical  rule  (page  714) 
was  reliable  to  the  extent  shown  by  the  divergence  of  the  full  and 
dotted  lines  in  that  Figure. 

The  question  of  the  stress  in  a  rope,  subjected  to  bending  as 
well  as  to  tension,  had  not  been  satisfactorily  determined.  In 
Fig.  56  (already  referred  to)  the  writer  had  laid  down  the  lowest 
line  but  one  of  the  fluthor's  Fig.  1  (page  712),  calculating  the  stress 
on  the  usual  assumption  ;  namely  that  the  effect  of  bending  in 
producing  stress  on  the  wire  was  the  same  as  if  it  were  parallel  with 
the  axis  of  the  rope,  and  that  the  same  applied  to  the  effect  of  the 
longitudinal  pull  on  the  rope,  the  stresses  given  in  the  diagram 
being  the  sum  of  these  two  results.  Obviously,  owing  to  the  twisted 
form  of  the  rope,  a  torsional  stress  was   produced  on  the  wire  by 

*  Proceedings  1911,  Part  4,  Figs.  55  and  56  (pages  905-6). 
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either  bending  or  pulling  the  rope.  Professor  Unwin  in  his  last 
edition  of  "  Machine  Design  "  had  given,  somewhat  tentatively,  a 
formula  for  making  a  correction  on  this  account,  but  it  was  probably 
not  worth  while  to  complicate  the  calculations  in  this  way  when 
merely  requiring  relative  resiilts,  as  in  this  case.  The  friction  on 
the  pulley  might  very  possibly  have  a  still  more  serious  effect, 
however,  since  instead  of  bending  about  its  neutral  axis  there 
would  be  a  tendency  for  the  rope  to  bend  about  an  axis  nearer  the 
pulley,  as  the  sliding  necessary  for  the  first  assumption  to  be 
true  would  be  checked. 

With  regard  to  the  last  paragraph  in  the  Paper  (page  722),  he 
understood  that,  for  such  purposes  as  hoisting  men  and  material  in 
the  mines  of  the  Transvaal,  "  Lang's  lay  "  was  used  in  preference  to 
nearly  every  other  make.  Of  course  in  such  cases  the  cage  was 
guided,  which  bore  out  what  the  author  said  as  to  this  rope  being 
most  suitable  in  cases  where  spin  was  prevented. 

The  great  importance  of  the  points  in  design  to  which  the 
author  drew  attention  in  Figs.  4  to  12  (page  716)  and  in  the 
following  pages,  was  very  apparent  after  consideration  of  the  facts 
which  he  demonstrated,  and  reference  to  catalogues  of  crane- 
makers  showed  that  they  had  hitherto  escaped  notice.  He  trusted 
the  discussion  would  be  found  worthy  of  the  time  and  trouble  such 
a  Paper  must  obviously  have  taken  to  produce,  and  that  the 
generosity  with  which  Mr.  Adamson  had  placed  his  results  at  the 
disposal  of  rival  makers  would  be  fully  recognized.  The  writer 
wished  to  suggest  that  information  should  be  given  by  rope-makers 
as  to  the  behaviour  of  the  hemp  packing.  To  what  extent  was  it 
efiicient  in  preserving  the  strands  in  their  original  positions  after  a 
year  or  two  of  wear  ? 

With  regard  to  the  suggestion  made  during  the  discussion  that 
this  subject  was  a  matter  well  adapted  for  experimental  examination, 
he  (Mr.  Wingfield)  would  like  most  heartily  to  support  this  proposal. 

Mr.  Daniel  Adamson  wrote,  in  reply  to  Mr.  H.  Lowthian  Barge 
(page  738)  that  he  (the  author)  would  quote  the  actual  paragraph 
from  a  ropemaker's  letter  upon  which  the  statement  referred  to 
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was  based  :  "  This  wire  (115  tons  per  square  inch)  allows  of  a  fairly 
small  rope  being  used,  and  the  advantage  of  this  is  that  the  working 
parts  of  the  crane  can  be  made  smaller,  which  decreases  the  cost 
of  the  crane,  though  perhaps  the  rope  might  be  somewhat  higher 
in  price  than  if  it  were  made  from  steel  of  90  tons  per  square 
inch."  Mr.  Barge  made  what  appeared  to  be  the  same  claim  in 
different  words,  in  that  he  would  use  puUeys  of  the  same  diameter 
for  ropes  carrying  greater  loads.  Whatever  ropemakers  might  say, 
there  was  a  very  general  feeling  amongst  rope-users  that  a  low 
tensile  strength  was  pi-eferable  {see  Mr.  Hughes'  Communication, 
page  748). 

Regarding  the  number  of  wires  in  contact  with  the  pulley  with 
ropes  of  fine  wires,  as  compared  with  ropes  of  coarse  wires,  the 
author  was  aware  that  grave  doubts  existed  as  to  his  estimate  of 
four  times  the  number,  but  if  the  increase  were  less  than  this, 
then  the  pressure  per  wire  would  be  increased  and  the  rope  of 
fine  wires  would  be  shown  (as  it  was  known  to  be)  even  less 
durable. 

In  reply  to  Mr.  H.  H.  Broughton  (page  739),  the  author  was 
sorry  he  could  not  yet  say  that  the  life  of  any  ropes  had  been 
doubled  by  increasing  the  diameter  of  the  bottom  pulleys,  because 
of  the  length  of  time  involved  by  the  question,  but  he  could  say 
that  since  he  had  been  acquainted  with  the  deductions  to  be  made 
from  Mr.  Biggart's  experiments  he  had  given  his  own  designs  the 
benefit  of  them.  The  concrete  case  stated  by  Mr.  Broughton  of 
a  50-ton  crane  with  eight  parts  of  S^  inches  circumference,  rope 
and  block  pulleys  22  inches  diameter,  seemed  to  provide  for  a  very 
low  factor  of  safety  (only  about  6*6  as  compared  with  the  usually 
accepted  minimum  of  8)  ;  the  ratio  of  rope  circumference  to  pulley 
diameter  (seven  to  one)  was  therefore  illusory.  Assuming  a 
reasonable  factor  of  safety  and  accepting  the  conclusions  in  the 
Paper  under  discussion,  the  rope  ought  to  be  3^^  inches  circumference 
and  the  barrel  and  pulleys  30  to  33  inches  diameter,  to  give  a  life 
equal  to  a  four-part  arrangement  of  5  inches  circumference  rope  as 
Fig.  6  (page  716),  with  barrel  and  pulleys  of  the  same  diameter,  that 
is,  30  to  33  inches.     Answering  Mr.  Broughton's  direct  question,  the 
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(Mr.  Daniel  Adamson.) 

author  believed  that  increasing  the  diameter  of  the  pulleys, 
Fig.  12  (page  716),  would  lengthen  the  life  of  the  rope  by  50  per 
cent,  (as  stated  on  page  720).  Whether  the  life  of  the  rope  would 
be  doubled  depended  upon  the  average  height  of  lift  (as  explained 
on  page  721). 

Replying  to  Mr.  Broughton's  other  question  regarding  the 
proportions  given  in  the  Table  (page  740),  the  author  considered 
that  larger  ropes  should  be  adopted  throughout,  and  further  that 
the  ratio  of  pulley  to  rope  diameter — about  22  to  1  in  the  list — 
should  be  increased  to  33  to  1  for  the  design  with  12  parts  of  rope 
to  ensure  reasonable  durability  (see  Table  3,  page  718).  If  the 
ratio  were  retained  at  22  to  1  throughout  the  series,  the  life  of 
the  rope  with  twelve  parts  would  only  be  one-quarter  of  that  of 
the  rope  with  four  parts,  according  to  Table  1  (page  717). 

Mr.  Broughton  asked  whether  the  life  of  a  |-inch  diameter  rope 
on  18-inch  sheaves  would  be  one-eighth  of  that  of  a  If -inch 
diameter  rope  on  33-inch  sheaves,  but  such  a  suggestion  was  not 
contained  in  the  Paper,  and  the  author  thought  Mr.  Broughton 
must  have  misread  page  721  which  referred  to  a  special  advantage 
of  Fig.  12,  where  large  pulleys  were  used  on  a  fout-part  rope. 
This  advantage  would  not  apply  to  a  twelve-part  arrangement, 
because  the  portion  of  the  rope  which  passed  under  the  lower 
pulleys  would  in  this  case  soon  reach  the  upper  drum  and  be 
subjected  to  the  further  bends  there.  The  author  quite  agreed 
with  Mr.  Broughton's  closing  remarks  as  to  the  numerous 
questions  in  crane  design  that  awaited  ventilation,  and  hoped 
that  other  members  would  take  them  up  in  the  near  future. 

The  members  generally  would  feel  much  indebted  to  Mr.  George 
Hughes  for  the  very  complete  tabulation  of  experiences  with  wire- 
lifting  ropes  that  he  had  contributed  to  the  discussion  (pages  744-7). 
This  showed  the  great  variation  that  was  found  in  the  conditions 
under  which  wire  ropes  were  used,  and  the  extreme  difficulty  of 
arriving  at  any  conclusions  whatever  under  working  conditions. 

In  reply  to  Mr.  Wingfield  (page  749),  the  author  was  quite 
prepared  to  accept  the  suggestion  that  the  number  of  points  of 
contact  between  the  rope  and  pulley  might  only  be  50  per  cent. 
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greater  with  the  rope  of  finer  wires  suggested  in  the  Paper,  and 
accordingly  the  pressure  per  wire  would  be  two-thirds  as  great  as 
in  the  case  of  the  ordinary  rope  instead  of  one-quarter  as  suggested 
in  the  Paper.  This  greater  pressure  would  accentuate  the  wear 
and  give  even  a  shorter  life  than  was  suggested  by  the  author,  and 
accordingly  the  case  of  the  rope  of  fine  wires  would  be  much 
worse  than  stated.  Where  the  author  difiered  from  Mr.  Wingfield 
was  in  estimating  the  rate  of  wear  which  Mr.  Wingfield  suggested 
would  vary  as  the  product  of  the  pressure  per  square  inch  and  the 
ratio  of  the  diameter  of  the  ivire  to  that  of  the  pulley.  If  this 
were  the  case,  ropes  of  very  fine  wire  would  last  longer  than  those 
of  coarse  wires,  which  was  found  not  to  be  the  case.  However, 
all  these  imaginary  discussions  leading  to  difterent  assumed  results 
showed  the  desirability  of  having  some  reliable  experiments  carried 
out  at  the  earliest  opportunity. 

The  author's  suggestion  that  a  reduction  from  40  tons  to  25  tons 
range  of  stress  would  increase  the  life  of  materials  subject  to 
repeated  applications  of  load  by  500  times  was  only  a  very  rough 
approximation  from  Fig.  56  of  the  discussion  on  Messrs.  Eden, 
Rose  and  Cunningham's  Paper.*  Even  if  the  increase  were 
only  40  times,  as  suggested  by  Mr.  Wingfield,  it  showed  that 
the  life  of  ropes  was  affected  very  much  more  by  abrasion  than  by 
internal  stresses. 

*  Proceedings,  1911,  Part  4,  Fig.  56  (page  906). 
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RECIPROCATING   STRAIGHT-BLADE 
SAWING-MACHINES. 


By  CHARLES  WICKSTEED,  Member,  of  Ketteeing. 


Historical. — The  saw  is  one  of  the  very  earliest  tools  known  to 
have  been  used,  and  is  in  fact  the  earliest  tool  that  has  been  traced 
in  Egyptian  history.  It  was  first  found  in  the  form  of  a  notched 
bronze  knife  in  the  3rd  Dynasty  or  about  5,000  years  B.C.  (A), 
Fig.  1*  (page  758),  and  was  followed  by  larger  toothed  saws  in  the 
4th  to  6th  Dynasties,  which  were  used  by  cai'penters ;  but  there  are 
no  dated  specimens  until  the  seventh  century  B.C.,  when  the 
Assyi'ians  used  iron  saws,  as  shown  at  (B).  The  first  knives  on 
record  were  made  out  of  flint,  and  were  in  fact  saws  with  minute 
teeth  (C).  They  must  have  been  used  for  cutting  up  animals,  as 
the  teeth  would  break  away  even  on  soft  wood.  Rasps,  which  are 
but  a  form  of  a  saw,  were  first  made  of  sheets  of  bronze  punched 
and  coiled  round,  as  shown  in  (D),  but  the  Assyrians  in  the  seventh 
century  used  the  straight  rasp  made  of  iron  exactly  like  the 
modern  type  (E).  Coming  down  to  modern  times,  the  saw  is 
possibly   used   more    than   any   other   tool.       It   has   taken    three 

*  Ency.  Brit.,  vol.  ix  (11th  ed.),  p.  71,  Figs.  17,  45,  46,  and  48. 
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Fig.  1. — Ancient  Egyptian  Tools. 

A.  Notched  Bronze  Knife.    3rd  Dyna-sty,  5000  B.C. 

B.  Assyrian,  Iron.    7th  Century  B.C. 

C.  Flint  Knife. 

D.  £asp  made  of  Bronze,  punched  and  coiled  round. 

E.  Straight  Kasp,  Iron,  AssjTian.    7th  Century. 
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distinct  forms,  both  for  the  working  of  wood  and  metal.  The 
straight  saw,  which  is  simply  a  development  of  the  first  toothed 
knife,  the  band  saw,  and  the  circular  saw. 


Hack  Sawing -Machines. — The  author  proposes  in  this  Paper  to 
discuss  the  merits  of  the  Straight-Blade  Reciprocating  Saw  for 
metal  work,  and  to  point  out  that,  although  great  pains  have  been 
taken  to  bring  to  perfection  the  Band  and  Circular  type,  curiously 
enough  the  Straight-Blade  Reciprocating  Sawing-Machine  has  been, 
comparatively  speaking,  neglected.     The  simple   fact   that,  with  a 


Fig.  2.— Star. 


Fig.  3.^ Simplex. 


few  exceptions,  the  cost  of  the  Hack  Sawing-Machines  has  in 
former  years  been  only  from  £5  to  £10  against  a  much  higher 
cost  for  the  other  types,  fully  attests  the  truth  of  this  statement. 
Primitive  blades  sold  at  about  3d.  each  and  primitive  machines  sold 
for  a  few  pounds  were  good  enough  for  this  system.  The  author 
thinks  that  it  was  MUlers  Fall  Co.,  Mass.,  who  first  brought  out 
the  hack  sawing-machine,  which  is  known  as  the  "  Star,"  Fig.  2. 

This  is  the  crudest  and  lightest  possible  device  for  working  a 
saw  backwards  and  forwards  by  power  instead  of  by  hand.  It  is 
not  curious  that  a  start  should  be  made  in  this  way,  but  the  curious 
part  is  that  this  machine,  in  all  its  essentials  and  with  all  its  faults, 
prevails  up  to  the  present  time.     The  connecting-rod  was  made  of 
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wood,  the  old  liand-saw  bow  has  been  maintained  intact,  and  the 
guides  were  of  the  most  elementary  character. 

The  next  Hack  Sawing- Machine  that  was  introduced  was,  the 
author  believes,  the  style  known  as  the  "  Simplex,"  Fig.  3.  This 
is  more  elaborate  and  heavier,  the  old  hack  saw-frame  giving  way 
to  something  stronger.  It  was  brought  out  by  Mr.  Hoefer  and 
proved  very  successful.  These  two  machines  were  the  forerunners 
of  all  the  present  hack  sawing-machines. 

Another  very  early  pattern  of  hack  sawing-machine  was  the 
"  Eureka,"  Fig.  4,  which  was  made  by  Messrs.  G.  Thompson,  Son 


Fig.  i. — Eureka. 


and  Co.,  of  New  Haven,  Conn.  This  is  a  far  more  mechanical 
and  carefully  designed  structure ;  it  has  a  solid  base,  and  a  real 
attempt  was  made  to  guide  the  saw  straight,  the  thrust  is  in 
direct  line  and  the  upper  guide  being  made  to  extend,  so  as  to 
admit  the  large  variation  in  the  length  of  the  blade  being  used. 
This  was  a  magazine  saw,  a  long  blade  Kke  the  band  saw  being 
coiled  up  and  brought  out  for  use  as  the  working  part  became 
worn  up.     The  coil  contained  25  feet. 

One   of   the   latest   machines    brought    out   is   the    "  Milford," 
Fig.  5,  which  is  a  carefully  designed  tool,  and  is  in  great  demand. 
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It  i«  fitted  with  a  quick  return  and  a  clutch  device  for  lifting 
the  blade  free  of  the  work  on  the  idle  or  return  stroke.  It  has 
a  geared  drive  of  4  to  1  and  an  automatic  stop.  In  the  author's 
opinion,  these  four  designs  fairly  illustrate  the  progress  of  the 
original  type  of  hack  sawing-machine  up  to  a  recent  date,  although 
many  others  might  be  mentioned,  for  instance,  the  "  Racine,"  which 
is  a  compact  and  strong  tool,  and  the  "  Marvel,"  a  strong,  complicated 
machine  with  a  positive  feed. 

Messrs.  E.  G.  Herbert,  Ltd.,  of  Manchester,  were  one  of  the  first 
firms  who  seriously  took  this  matter  in  hand,  with  the  view  of  making 
altogether  stronger  machines  to  do  the  work  quicker  and  to  take 


Fig.  6. — Eccentric  Motion  for  tilting  the  Saiv 


larger  sections.  They  made  saws  of  a  capacity  hitherto  commercially 
unknown,  the  largest  being  capable  of  taking  18  by  30  inches. 
They  also  introduced  amongst  other  things  an  automatic  feed 
for  the  work,  but  the  most  important  feature  of  their  machines  was 
the  eccentric  motion  given  to  the  fulcrum  of  the  saw  frame,  shown  in 
Fig.  6,  where,  every  twenty  strokes  or  so,  the  eccentric  on  which  the 
fulcrum  of  the  frame  is  pivoted  moved  round  slightly,  thus 
putting  the  saw  at  a  different  angle  to  its  work  and  bringing  it 
on  a  very  obtuse  corner.  By  this  means  it  was  always  working  on  a 
comparatively  small  surface,  and  it  thus  became  much  easier  to  saw 
heavy  sections.  The  author  believes  that  Messrs.  Herbert  were  able 
to  cut  bars  much  quicker  than  formerly.  For  instance,  a  4-inch  bar 
could  be  cut  in  20  minutes,  compared  with  an  hour  taken  by  most 
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previous  machines.  The  only  disadvantage  in  this  method  is, 
in  the  author's  opinion,  that  when  first  the  eocenti^ic  is  moved 
tlie  effect  on  the  saw  is  rather  rough,  but  as  quick  work  is  often 
of  greater  importance  than  too  great  economy  in  saw-blades,  the 
mei'its  of  the  machine  were  rapidly  appreciated.  The  author 
thinks  that  this  firm  was  the  first  to  use  a  stronger  and  better 
blade,  and  they  were  backed  up  by  The  Sterling  Co.,  who  used 
tungsten-steel. 

Messrs.  Herbert  have  recently  constructed  a  tool  in  which  the 
blade  is  set  at  an  angle  to  the  guides.  This  causes  further  pressure 
on  the  blade  while  cutting,  and  takes  the  place  of  the  weight  to 
that  extent. 

Messrs.  Holroyd  and  Co.,  of  Milnrow,  also  introduced  an 
excellent  machine  for  rapid  work  with  the  same  object  in  view 
as  Messrs.  Herbert  had,  the  difference  being  that  in  the  case 
of  Messrs.  Holroyd's  machine  the  bar  turned  round  a  little  every 
several  strokes,  thus  representing  a  small  surface  to  the  saw,  as 
Messrs.  Herbert's  did,  with  their  eccentric  motion.  The  advantage 
of  Messrs.  Holroyd's  system  was  that,  since  the  bar  was  continually 
turning  round,  it  was  difficult  for  the  saw  to  run,  and  the  work 
would  be  approximately  as  true  as  that  produced  in  a  cutting-ofif 
lathe. 

Advantages. — (1)  The  comparatively  low  cost  of  the  machine 
and  blade,  and  the  fact  that  the  blade  can  be  made  any  temper  to 
suit  the  work. 

(2)  In  comparison  with  the  Circular  Saw,  it  will  cut  any  depth 
that  the  frame,  which  holds  it,  will  admit  of.  Extra  depth  does 
not  necessitate  extra  cost  of  blades,  and  it  will  cut  any  length 
within  6  inches  of  the  length  of  the  blade.  A  circular  saw,  taking 
the  boss  in  consideration,  will  not  make  a  cut  much  deeper  than 
one-third  of  its  diameter,  and  for  every  extra  inch  in  depth  the 
saw  must  be  increased  2  and  3  inches  in  diameter.  It  is  a 
most  expensive  and  cumbrous  tool,  necessarily  fairly  thick  and 
exceedingly  difficult,  if  not  impossible,  to  get  quite  hard,  and  if 
made  (piite  hard  is  of  course  liable  to  break  up. 
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(3)  In  many  cases  the  Band  Saw  must  be  cut  in  order  to  be 
threaded  through  the  work  and,  like  the  Circular  Saw,  is  almost 
impossible  to  get  quite  hard ;  moreover,  it  is  dangerous  to  use  if  it 
is  hard. 

(4)  Another  advantage  of  the  straight  blade  over  the  circular 
saw  or  a  lathe  cutting-off  machine,  is  the  narrowness  of  the  cut, 
say  -jJg-  inch  instead  of  ^  inch.  This,  so  far  as  the  circular  saw  is 
concerned,  at  any  rate  reduces  the  power  taken  in  exact  proportion 
to  the  width  to  be  cut,  and  in  both  cases  it  usually  saves  material 
enough  to  pay  for  the  whole  operation.  That  is  to  say,  if  the 
material  saved  by  the  narrow  cut  as  against*  the  wide  one  is  taken 
into  account  at  the  end  of  the  day,  sufficient  material  will  have 
been  saved  to  pay  for  the  whole  cost  of  cutting,  including 
establishment  expenses. 

(5)  The  power  taken  is  about  one-fourth  of  that  taken  by  a 
circular  saw.  One  unit  will  cut  80  superficial  square  inches,  which 
is  equivalent  to  eleven  bars  of  3  inches  diameter  or  three  heavy 
section  girders,  20  inches  by  7^  inches. 

When  once  convinced  that  the  8traight-blade  reciprocating 
machine  had  great  theoretical  advantages  over  its  competitors — 
the  Circular  and  the  Band  Saw — it  did  not  take  very  long  to 
discover  the  principles  on  which  it  must  be  made : — • 

(1)  The  blade  must  be  kept  absolutely  firm  and  perfectly  square 
with  the  work. 

(2)  It  must  be  strong  enough  to  stand  all  the  weight  that  the 
teeth  will  take  without  breaking. 

(3)  The  blade  must  be  made  of  the  highest  possible  quality  of 
steel  with  the  best  cutting  edge  that  is  practicable. 

(4)  The  machine  must  be  well  designed  and  work  the  blade 
without  spring  or  vibration. 

(5)  Since  the  pressure  on  the  blade  must  be  considerable,  an 
absolutely  reliable  release  on  the  return  stroke  must  be  provided. 
In  connection  with  this,  the  author  has  found  from  experiments 
that,  unless  the  weight  was  heavy,  it  made  little  or  no  difi"erence 
whether  the  blade  was  released  on  the  return  stroke  or  not,  but 
with  a  very  heavy  weight  the  blade  would  be  quickly  destroyed. 

3  H  2 
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Taking  the  points  just  mentioned  seriatim,  the  blades  have  not 
been  brought  to  the  high  quality  now  described  without  a  great 
deal  of  pains  and  trouble  on  the  part  of  the  makers,  who  have  been 
kind  enough  to  assist  the  author  in  this  respect.  The  points  which 
appear  to  be  fairly  established  are  : — 

(1)  For  ordinary  work  the  coarse-pitch  tooth,  not  less  than 
10  to  the  inch,  is  the  best.  They  cut  better,  they  clear  themselves 
better,  and  there  is  better  opportunity  to  give  side  clearance,  which 
is  specially  necessary  in  the  deep  blades  necessary  for  heavy 
machines. 

(2)  To  make  the  blade  strong  enough  to  take  the  weight  that 
the  teeth  will  stand,  it  is  not  neces^sary  to  do  any  special  tempering 
for  this  purpose.  If  the  temper  is  right  for  the  teeth,  it  is  right 
for  the  back  of  the  blade. 

(3)  Extra  strength  must  be  obtained,  not  by  extra  thickness 
but  by  extra  depth.  Extra  thickness  does  not  help  in  any  way. 
If  the  blade  is  20  per  cent,  extra  thick,  it  requires  exactly  20  per 
cent,  more  weight  put  on  to  get  through  the  work  in  the  same 
time.  Theoretically,  the  thinner  the  blade  the  better,  but  in 
practice  the  deep  blades  must  be  made  thicker  for  convenience  of 
manufacture,  because  makers  find  it  too  difficult  to  harden  deep 
thin  blades  absolutely  sti'aight,  and  it  is  evident  that  the  deeper 
the  blade  the  more  difficult  it  is  to  keep  the  clearance.  The  blades 
used  by  the  author  vary  from  ^  inch  to  2  inches  in  depth  and  from 
19  to  16  wire-gauge  "thick. 

(4)  The  greatest  weight  that  a  tooth  will  take  without  injury 
must  be  ascertained,  and  the  blade  must  then  be  made  strong 
enough  to  take  it.  This  weight  the  author  finds  at  present  to  be 
about  7  lb.  per  tooth  or  70  lb.  per  inch.  A  weight  of  210  lb. 
is  therefore  put  on  a  6-incli  machine,  which  enables  it  to  use 
practically  the  full  capacity  of  the  blade  up  to  a  4-inch  round  bar. 

As  the  machine  gets  larger  the  proportion  of  weight  is  increased. 
Thus  in  a  15-inch  machine  700  lb.  is  put  on,  so  that  the  machine 
wiU  use  the  fuU  capacity  of  the  blade  when  sawing  a  10-inch 
surface.  The  proportion  is  increased  in  this  way  because  it  is 
presumed  that  the   6-inch    machine,  for   instance,  will    principally 
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be  doing  smaller  work,  and  that  the  larger  machines  are  intended 
for  large  work  which  it  is  important  to  get  through  as  quickly  as 
possible. 

Design  of  Machines. — After  having  dealt  so  fully  with  the 
blades,  it  is  hardly  necessary  to  point  out  that  a  machine  very 
different  from  those  usually  employed  must  be  designed  to  work 
them.  Most  of  the  old  designs  were  more  useful  as  warnings  than 
examples.  In  getting  out  a  new  design,  the  author's  ambition  was 
to  make  a  Reciprocating  Sawing- Machine  in  the  form  of  a  first- 

FiG.  7. — Frame  Bearing. 
GUIDE-ROD    CENTRES 

r " 


class  machine-tool,  on  simple  and  sound  mechanical  principles  that 
would  utilize  all  the  duty  that  a  high  quality  straight  blade  was 
capable  of  taking.  One  of  the  greatest  faults  of  the  machines  so 
far  in  use  is  that,  following  the  example  of  the  first  machine  that 
was  made,  the  guide-frame  is  almost  universally  pivoted  on  the 
crankshaft,  generally  by  a  narrow  bearing,  thus  ensuring  Kberty  to 
begin  with,  which  daily  increases  with  wear.  In  this  way  was  the 
first  essential  of  a  good  machine  missing  at  the  outset.  With  a 
loose  guide  the  saw  would  run,  make  bad  work,  and  break  the 
blades.  To  avoid  this  fundamental  defect,  the  guide-frame  is 
pivoted  on   perfectly  independent   bearings,  substantial  and  wide 
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apart.  These  beai'ings  have  no  other  work  than  to  guide  the 
frame,  and  there  is  practically  no  wear  whatever,  Fig.  7.  It  was 
found  necessary  to  stiffen  the  machine  in  every  direction.  The  bed 
was  made  much  wider,  a  bearing  being  thus  given  for  the  bar  on 
both  sides  of  the  saw,  the  guide-bars  were  placed  wide  apart,  all 
the  bearings  brass-bushed  and  ample,  and  in  the  case  of  the  larger 
machines  a  vice  was  provided  on  both  sides  of  the  blade. 

Weights  were  increased  until  a  6-inch  machine  weighed  5^  cwt. 
and  a  15-inch  machine  25  cwt.  These  weights  were  found  necessary 
to  make  the  machine  perfectly  firm  and  free  from  all  vibration. 
Since   the   weight   used   on   the    blade   was   so   heavy,   it   became 


Fig.  8. — Movable  Weight  to  prevent  Vibration. 
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necessary  to  adopt  a  convenient  method  of  applying  this  from  zero 
upwards.  This  is  done  by  sKding  a  weight  on  a  bar  which  runs 
from  the  extreme  end  of  the  frame  to  a  point  weU  behind  the 
fulcrum  of  the  swing  bracket,  in  which  position  it  balances  the 
weight  of  the  guide-bars  and  frame.  In  the  heavy  machines  this 
weight  is  adjusted  by  a  quick  pitch-screw,  Fig.  8. 

Having  such  a  heavy  weight  to  deal  with,  it  was  next 
necessary  to  prevent  the  breakage  of  the  machine  in  case  the 
blade  should  break,  and  so  long  as  the  usual  small  boy  was  to 
manipulate  this  machine  it  also  became  necessary  to  lift  the  weight 
by  power.  A  perfectly  reliable  release  was  also  required  on  the 
return  stroke  of  the  blade.  This  latter  is  a  difiicult  or  impossible 
thing  to  provide   for   satisfactorily    by  purely   mechanical    means. 
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as  the  plane  of  the  saw  varies  at  every  sti'oke,  so  that  a  rack-and- 
catch  arrangement  is  unsuitable.  The  clutch  principle  used  on 
some  machines  is  also  unsatisfactoiy,  as  it  constantly  requires  a 
nice  adjustment  which  is  quite  beyond  the  capacity  of  the  boy  in- 


Pig.  9. 
Pump  and  Bam  to  lift  and  lower  the  Saw  accurately  at  the  extremes  of  stroke. 

i        i 


attendance.  Experiments  have  shown  that  it  was  essential  that 
the  saw  should  be  lifted  off  its  work  and  put  down  again 
accurately  at  the  extremes  of  the  stroke.  If  this  be  not  done, 
either  the  output  is  seriously  interfered  with  or  the  blade  is 
injured.  Ultimately  to  deal  with  all  these  points,  a  4-f unction 
hydraulic  ram  (to  be  described   later)  was  used  on  all  the  larger 
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machines.  This  was  first  brought  out  in  the  form  of  the  simple 
ram,  as  shown  in  Fig.  9  (page  767).  Here  an  eccentric  set  in 
time  with  the  crankpin  on  the  crankshaft  works  a  little  plunger 
in  connection  with  the  dash-pot.  This  plunger  comes  down  and 
closes  the  little  port  A  exactly  at  the  end  of  the  stroke,  thus 
gently  lifting  the  frame  sufficiently  ofi"  its  work  on  the  return 
stroke  and  letting  it  gently  down  again,  and,  as  soon  as  the 
working  stroke  begins,  leaving  the  full  weight  on  the  blade. 
There  are  no  complications  and  no  wear  in  this  device,  as  both 
pistons  are  simply  made  a  good  fit  and  worked  in  oil.  A  foot- 
valve  is  provided  to  let  the  oil  in  when  the  frame  is  lifted  by  hand. 
It  was  found  to  perform  perfectly  the  function  it  was  designed  for. 

Modifications  very  quickly  followed  to  make  it  useful  for  other 
purposes.  The  port  was  made  small  enough  to  convert  the  largest 
cylinder  into  a  dash-pot  and  thus  make  it  impossible  for  the  frame 
to  fall,  as  it  could  only  be  lowered  as  fast  as  the  oU  could  be  pressed 
through  the  small  hole,  about  ^V  inch  diameter  in  the  case  of  the 
smaller  machines.  Soon  after  this,  the  ram  was  made  to  perform 
four  functions  by  the  introduction  of  a  4-way  cock. 

It  is  difficult  to  foUow  the  exact  action  of  this  ram,  but  it  will 
perhaps  be  sufficient  to  point  out  that  this  pump  is  provided  with  a 
4-way  cock  with  ports  so  arranged  that,  when  the  handle  is  in  the 
horizontal  or  working  position,  it  relieves  the  blades  on  the  return 
stroke.  When  upright,  it  lifts  the  whole  frame  right  ofi"  the  work 
to  any  required  height,  the  relief-port  being  provided  to  prevent 
it  lifting  too  far.  When  in  the  third  position,  it  holds  the  frame  in 
the  position  in  which  it  happens  to  be.  When  in  the  fourth,  it  lets  the 
frame  gently  down  whether  the  machine  is  standing  or  not.  This 
last  position  is  useful,  as  in  its  simple  form  this  ram  can  only  let  the 
frame  down  when  the  port  is  uncovered,  which  it  seldom  is  when 
the  machine  is  standing. 

The  stroke  in  the  author's  machines  is  from  5  to  8  inches.  The 
longer  stroke  adopted  in  the  larger  machines  was  not  found 
necessary  to  get  rid  of  the  swarth,  but  simply  because  it  was 
found  advisable  to  reduce  the  strokes  per  minute,  as  the  lengths  of 
the  frames  increased,  the  momentum  given  by  the  small  relief-lift 
becoming  too  much. 
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The  question  of  the  relative  length  of  the  blade  to  the  stroke 
and  diameter  of  the  bar  is  interesting.  A  long  stroke  should  be 
avoided,  as  it  entails  a  correspondingly  long  saw  blade  as  well  as 
a  more  cumbrous  machine.  If  there  is  no  lift  on  the  return  stroke, 
the  stroke  must  be  as  long  as  the  section  cut,  in  order  to  get  rid  of 
the  swarth.  Fig.  10  shows  a  12-inch  section  being  cut  with  a 
machine  having  only  a  6-inch  stroke.  The  middle  part  of  the 
blade  (shown  black)  has  no  opportunity  of  getting  rid  of  its  swarth, 
and  will  therefore  take  the  gi-eatest  part  of  it  backwards  and 
forwards.  With  a  sufficient  lift  on  the  return  stroke,  however,  the 
swarth  is  dropped  and  raked  6  inches  forward  on  the  cutting  stroke, 
and  it  is  thus  only  necessary  to  make  the  teeth  deep  and  large 
enough  to  hold  the  swarth  created  in  two  strokes. 

Fig.  10. 

Three  positions  of  a  Saio  tvith  6-in.  stroke  cutting  through  a  12-in.  block. 

The  black  portion  is  that  which  always  remains  in  the  saw  cut. 


The  lubricant  used  for  saw-blades  is  soap-suds,  and  great 
attention  has  been  paid  to  the  pump  and  tank  connected  therewith. 
The  fact  that  the  swarth  made  by  the  saws  is  exceedingly  fine, 
and  that  it  is  very  much  more  difficidt  to  make  a  pump  to  wear 
well  with  the  suds  than  it  is  with  oil,  necessitates  very  careful 
provision  to  keep  the  swarth  away  from  the  pump  and  to  make  the 
pump  as  durable  and  as  easily  to  repair  as  possible.  Fig.  11  shows 
the  arrangement  of  tank  and  connections.  It  will  be  seen  that  the 
suds  are  first  collected  by  a  recess  in  the  bed,  and  are  drained  at 
the  front  end  which  is  farthest  away  from  the  swarth,  which  is 
carried  back  by  the  blade  which  works  on  the  return  stroke.  The 
suds  are  then  conveyed  through  an  open  trough  to  a  tank  placed  at 
the  back  end  of  the  machine.     This  tank  is  divided  by  two  weirs 
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(if  they  may  be  so  called)  into  three  compartments.  The  first  weir 
comes  to  the  top  of  the  tank,  leaving  a  space  of  about  1  inch  at  the 
bottom  for  the  suds  to  pass  through  into  the  next  chamber.  This 
is  done  to  prevent  very  light  swarth  on  the  top  of  the  suds  being 
washed  over.  The  suds  then  go  over  the  top  of  the  second  weir 
into  the  pump-chamber.  In  this  way  it  is  seen  that  the  swarth 
has  four  distinct  opportunities  of  being  separated  from  the  suds, 
and  that  it  is  almost  impossible  for  any  grit  finally  to  enter  the 
pump. 

Fig.  11. 
Pump  and  Tank  below  machine. 


SUDS   PUMP- 


Pumps. — The  first  thing  that  appeared  import;int  in  connection 
with  the  pump  was  that  it  must  be  placed  under  the  level  of  the 
water  to  avoid  constant  priming.  Wing  pumps  were  adopted  as 
being  the  most  satisfactory,  but  the  best  the  author  could  obtain 
were  of  such  a  construction  that  they  would  not  wear  well  or  long 
with  suds.  The  simple  pump  ultimately  adopted  is  shown  in 
Fig.  12.  In  this  pump  a  by- wash  is  provided,  not  with  a 
separate  valve,  but  simply  by  making  the  wings  of  the  pump 
taper  against   the   pi-essure   so  that,  when  a  full  discharge  is  not 
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required,  the  pressure  of  the  suds  will  press  these  little  wings  Imck, 
The  cover,  instead  of  being  screwed  in,  as  is  often  the  case,  is 
simply  fastened  on  with  screws  so  that  the  barrel  can  be  re-bored. 
But  perhaps  the  most  important  feature  of  this  design  is  that  both 
wings  go  right  through  the  head  of  the  spindle,  and  thus  get  an 
ample  bearing.  In  these  wings  there  are  two  little  slots  of  such 
a  length  that  one  spring  put  in  the  middle  Avill  press  up  the  wings 


Old  Pattern, 
with  Screw  and  Plate. 


Fig.  12. — Siids  Picmp. 
New  Pattern, 
easily  re-bored. 


Old  Pattern 
Wings. 


Present  Form. 


Oldest  Wings. 


2nd  Form. 


on  each  side.  The  advantage  of  this  is  obvious  as  compared  with 
the  old  method  where  the  wings  met  in  the  middle,  thus  leaving 
but  a  very  little  bearing.  The  gradual  wearing  of  this  bearing 
caused  friction  and  the  destruction  of  the  pump.  The  spindle  of 
the  author's  pumps  is  case-hardened.  The  new  pattern  of  pump 
has  been  found  to  be  very  efl&cient. 


Sesults. — The  result  of  all  these  improvements  is  that  sawing 
can  be  done  practically  true,  say  to  a  hundredth  part  of  an  inch  in 
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a  6-inch  bar,  and  mild  steel  can  be  cut  at  a  speed,  roughly  speaking, 
varying  from  1  inch  to  2  inches  square  per  minute.  The  breakage 
of  the  blade  is  exceedingly  rare,  and  those  of  the  best  quality  will 
often  last  several  days. 

The  machines  are  made  in  several  forms.  The  Single  Sawing- 
Machine  shown  in  Fig.  13,  Plate  40,  is  constructed  for  sawing  pieces 
of  large  dimensions  quickly  and  correctly.  Fig.  14,  Plate  40,  shows 
another  variety,  a  machine  for  cutting  tramway  rails  in  position. 
This  machine  rests  upon  two  angle-irons,  which  in  their  turn  rest  upon 
the  two  rails.     It  is  only  necessary  to  disturb  the  pavement  for  the 


Mitltiple  Saw. 


Fig.  16. — Fo7-  cutting  blanks 

from  I  in.  thick  up  to  the 

capacity  of  the  machine. 


Fig.  18. — Back  Arrangement 

for  cutting  blanks  from 

^5g  in.  to  f  in.  thick. 


frame.  The  main  features  of  the  machine  are  standard.  It  makes 
a  straight  clean  cut  through  the  rails,  no  matter  how  bard,  in  about 
twenty  minutes,  and  one  blade  will  make  from  about  twelve  to 
twenty  cuts  before  it  is  worn  out.  The  Multiple  Saw,  Fig.  15, 
Plate  40,  and  Fig.  16,  is  specially  designed  to  cut  off  blanks  for  dies 
and  similar  dupKcate  work.  By  a  rack  arrangement.  Fig.  17, 
Plate  41,  and  Fig.  18,  these  blanks  can  be  cut  as  thin  as  yL  inch ; 
with  the  more  usual  arrangement  of  adjustable  frames,  shown  in 
Fig.  15,  Plate  40,  and  Fig.  16,  they  can  be  cut  from  f  inch  thick 
to  the  capacity  of  the  machine. 

Another  variety  is  called  the  Shaping  Machine,  Fig.  19, 
Plate  41,  and  Fig.  20  ;  and  this  machine  is  provided  with  a  table 
like  a  shaping  machine  on  which    the  work   is    placed.     By    this 
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means  the  work  can  be  brought  to  the  required  position  under  the 
blades.  Two  blades  are  provided,  which  can  conveniently  be  adjusted 
in  alignment  from  h  inch  apart  to  the  full  capacity  of  the  machine, 
usually  abovit  5  inches.  It  is  more  particularly  useful  for  cutting 
out  joints  of  all  sorts,  spKtting  brasses,  and  so  on. 

Another  variation  of  pattern  is  the  Runner  Saw,  Fig.  21, 
Plate  41.  This  is  specially  designed  to  cut  runners  off  steel  castings, 
which  are  bolted  on  the  front  or  the  side  of  the  table.  The  whole  head 
is  made  to  traverse  a  foot  sidewards  so  as  to  reach  the  runners ;  it 
can  also  be  lifted  and  put  forward  on  the  bed  if  necessary.  The 
saw  is  brought  on  one  side  of  the  guides  so  that  it  will  cut  runners 
quite  flush  to  the  casting  where  the  saw-holder  does  not  foul.  In 
the  few  cases  where  it  would  foul,  it  would  cut  flush  Avithin 
^  inch.  The  hard  blades  that  can  be  worked  with  this  machine 
make  this  method  compare  favourably  in  many  ways  with  the 
Circular  or  Band  Sawing-Machines. 

Another  variety  which  is  in  course  of  construction  is  a 
machine  for  sawing  out  webs  of  crankshafts.  Here,  as  in 
the  shaping  machine,  there  are  two  blades,  but  the  table 
is  stationary,  the  crankshaft  being  bolted  down  on  blocks  to 
the  coi'i'ect  position  under  the  blades.  A  horizontal  blade  is 
also  provided  for  cutting  out  the  bottom  of  the  crankshaft.  This 
third  horizontal  blade  works  independently  of  the  two  vertical 
ones ;  the  frame  of  this  is  constructed  to  hold  a  square  file  as  well 
as  the  saw  blade.  The  operation  is  as  follows :  the  crankshaft  must 
first  have  one  hole  drilled  in  it,  say  1^  inch  or  1^  inch  diameter. 
It  is  then  bolted  down  on  the  blocks  in  position  underneath  the 
two  vertical  blades,  and  these  blades  are  set  to  work.  The  file  is 
threaded  through  the  hole  and  attached  to  the  horizontal  fi^ame 
and  the  hole  filed  out  approximately  square  at  the  bottom.  To 
accomplish  this,  the  lower  frame  is  attached  to  a  table  which  can  be 
raised  and  lowered  by  hand.  There  is  also  a  hand-traverse  in  the 
horizontal  direction.  The  table  is  provided  with  a  counterweight 
so  that  the  filing  out  of  the  hole  can  easUy  be  manipulated  by  the 
two  hand-traverses  mentioned.  After  the  hole  is  filed  sufficiently 
square,  an  operation  of  a  few  minutes,  the  file  is  withdrawn  and 
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the  blade  threaded  through  instead.  The  horizontal  blade  is  then 
put  automatically  to  work.  It  is  provided  with  a  4-function 
automatic  ram,  like  the  other,  and  works  independently  and 
precisely  on  the  same  system.  There  is  usually  so  much  less  to 
saw  horizontally  than  there  is  to  saw  vertically  that  the  horizontal 
woi'k  will  probably  be  finished  some  time  before  the  vertical.  When 
this  is  the  case,  the  horizontal  blade  is  removed  and  the  frame 
drawn  out  of  the  way  of  the  vertical  saw  before  they  approach  near 
enough  to  foul.  It  will  be  thus  seen  that  in  the  manipulation  of 
the  horizontal  blade  thei-e  is  no  time  lost.  A  9-inch  by  9-inch 
crankshaft  web  may  thus  be  sawn  in  60  minutes  to  an  accuracy 
of  -g\^,  using  about  2  h.p.  The  outside  of  the  webs  can  also  be  sawn 
at  another  operation,  thus  saving  much  valuable  time  afterwards 
on  an  expensive  lathe. 

In  conclusion,  the  author  would  like  to  state  that  he  has  simply 
been  trying  to  trace  the  development  of  a  most  useful  tool  so  far 
as  it  has  gone.  He  is  not  of  opinion  that  anything  like  finality  has 
yet  been  approached,  but  he  believes  that  in  rapidity  of  work,  in 
the  endurance  of  the  blades,  and  in  the  size  of  the  machines,  the 
Reciprocating  Straight-Blade  Sawing-Machine  is  still  in  its 
infancy. 

The  Paper  is  illustrated  by  Plates  40  and  41  and  15  Figs,  in 
the  letterpress. 


Discussion. 


The  President,  in  asking  the  members  to  accord  a  hearty  vote 
of  thanks  to  the  author  for  his  valuable  and  instructive  Paper,  said 
that  Mr,  Charles  Wicksteed  was  a  master  in  the  art  of  designing 
engineers'  tools,  and  he  was  sure  the  description  given  in  the  Paper 
of  the  work  that  had  recently  been  done  in  that  dii'ection  would  be 
received  with  great  interest,  and  would  lead  to  a  good  discussion. 

The  vote  of  thanks  was  carried  by  acclamation. 
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Mr.  John  A.  McLaren,  in  opening  the  discussion,  said  that  the 
firm  with  which  he  was  connected  had  used  one  of  the  author's 
shaping-machine  saws,  and  as  compared  with  the  band-saw  they 
found  it  had  many  advantages,  the  chief  one,  of  course,  being  the 
two  saw-blades.  One  never  knew  whether  the  band-saw  was  doing 
its  utmost ;  it  generally  seemed  to  be  going  more  or  less  slowly.  If 
the  man  was  asked  whether  he  could  not  put  a  faster  speed  on,  he 
replied  that  he  could,  but  that  it  would  knock  the  saw  up,  and  in 
the  case  of  a  large  one  it  meant  half  an  hour  to  change  it.  On  the 
other  hand,  if  one  of  the  author's  little  short  saws  broke,  it  could  be 
changed  in  a  few  minutes,  and  it  cost  less  to  put  in  a  new  one  than 
to  change  and  sharpen  the  saw  in  the  case  of  the  band-saw. 

The  author  stated  in  the  Paper  that  he  was  bringing  out  a 
machine  to  saw  out  the  webs  of  crankshafts.  His  (the  speaker's) 
firm  did  that  at  the  present  time  quite  successfully  with  their 
double  machine.  They  di'illed  two  holes  along  the  top  of  the 
crank-pin,  or  sometimes  one,  and  sawed  into  it.  He  thought  that 
was  perhaps  an  advantage  the  author's  new  machine  did  not 
possess,  because  it  was  very  important  that  the  metal  piece  that 
was  sawed  out  was  properly  fastened.  When  the  saw  got  down 
close  to  the  bottom  the  metal  began  to  move,  and  as  a  result  the 
saw  was  frequently  broken.  If  a  hole  or  two  holes  were  drilled,  it 
was  a  comparatively  easy  matter  to  secure  the  piece  of  metal  by 
means  of  plates  and  bolts.  His  firm  found  that  in  sawing  short 
jobs,  such  as  1^-inch  bars,  the  saw  lasted  quite  a  long  time.  They 
had  had  cases  of  saw-blades  lasting  a  week  if  they  were  kept  on 
little  jobs ;  but  if  the  saw  was  put  on  a  big  job,  such  as  a  6  or 
7-inch  bar  it  would  not  last  nearly  so  long.  His  firm  used 
to  have  a  night  shift  always  going  on  a  large  band-saw,  but  when 
the  author's  little  saw  was  obtained  the  night  shift  was  stopped, 
and  the  day  man  looked  after  both  saws,  which  could  easily  cope 
with  the  work.  The  author's  tool  was  good  and  cheap,  and  as  a 
result  of  experience  he  had  nothing  but  praise  for  it. 

Mr.  Joseph  Hill  desired  to  express  his  thanks  to  the  author 
for  bringing  forward  a  Paper  dealing  with  a  subject  which  was  very 
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importiint  in  the  pi-esent  labour-saving  age.  His  own  connection 
with  cold-sawing  dated  back  to  the  year  1885,  so  that  he  had  had 
twenty-seven  years'  experience  of  it.  He  wished  specially  to  call 
attention  to  the  fact  that  there  was  an  idle  stroke  in  the  machine 
desci'ibed  by  tlie  author.  There  was  the  lifting  of  the  saw  in  the 
back  stroke,  and  if  it  was  not  for  the  back  stroke  there  would  be 
no  need  for  the  lifting  of  the  saw.  He  desired  to  emphasize  that 
point,  because  the  author  delibei*ately  dwelt  upon  the  question  of 
the  circular  saw  and  the  band-saw  (pages  762-3).  Personally,  he 
was  present  to  hold  a  brief  for  the  circular  saw,  having  been  the 


Fig.  22. — Sawing  of  Crank-webs. 
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inventor  of  a  flush  side-saw  which  he  brought  out  in  1885,  and  he 
had  thus  had  a  very  large  experience  of  such  blades. 

It  seemed  to  him  that  a  certain  amount  of  doubt  ran  throughout 
the  Paper.  There  was  a  doubt,  as  the  members  had  already  heard 
from  the  author,  of  the  saw  being  able  to  stand  more  than  a  week's 
work.  He  could  not  help  thinking  that  the  author  would  have 
been  wi.se  if  he  had  not  mentioned  so  much  about  the  circular  saw. 
There  were  many  thousands  of  these  saws  at  work,  and  although 
he  might  be  accused  of  egotism  he  would  like  to  say,  incidentally, 
that  he  had  been  paid  no  less  than  ,£6,500  in  three  years  for 
circular  saw-blades.  With  regard  to  the  author's  idle  saw-blades, 
he  remembered  that  a  Scotsman  once  said  to  him  when  speaking  of 
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the  slotting  machine,  "  Hang  the  iip-stroke  !  "  ;  and  personally  he 
now  said,  "  Hang  the  back  stroke  !  "  In  his  opinion  there  were 
things  in  the  author's  machine  that  were  not  wanted  because  of  the 
back  stroke,  and  he  certainly  thought  that  a  circular  saw  if  it  was 
properly  used,  properly  sharpened,  and  properly  cared  for,  was  one 
of  the  best  tools  that  an  engineer  could  possess. 

Referring  to  the  remark  made  by  Mr.  McLaren  (page  776),  he 
thought  it  might  be  of  interest  if  he  stated  that  the  sawing  of 
crank-webs  was  a  very  easy  matter.  It  was  possible  to  have  two 
saws  on  one  spindle,  the  crank  being  held  in  the  following  way : — 
The  piece  was  shown  at  A  in  the  diagram,  Fig.  22,  and  the  grooves 
were  cut  right  thi'ough,  so  that  the  crank  was  readily  cut.     There 

Fig.  23.  Fig.  24. 


CHISEL     SHAPED     TEETH 


was  a  large  firm  in  Birmingham  which  was  sawing  crank-webs 
10  inches  thick,  two  cuts  at  a  time,  with  one  of  his  machines,  and 
taking  only  one  hour  to  do  the  work.  In  this  instance  he  used  a 
shape  of  tooth,  shown  in  Fig.  23,  that  was  not  of  the  ordinary  kind. 
The  tooth  was  chisel-shaped,  and  the  reason  it  was  made  like  that 
was  for  the  purpose  of  obviating  the  cuttings  clogging  in  the  teeth 
of  the  saw,  because  the  cuttings  would  curl  round  as  shown,  and  by 
so  doing  force  themselves  out.  In  the  machine  that  was  exhibited, 
the  author  had  carefvilly  withheld  how  he  went  on  with  his  saws 
when  they  got  clogged  up  with  soft  material.  In  a  circular  saw  no 
hydraulic  apparatus  was  required,  neither  was  there  any  lift,  as 
there  was  no  back  stroke.  It  must  be  remembered  also  that  in  the 
author's  saw,  or  in  a  band-saw,  they  were  cutting  with  a  ribbon  of 
steel  in  tension,  and  the  tension  it  would  .stand  depended  entirely 
upon  the  toughness  or  temper  of  the  saw-blade.     If  the  l)lade  were 
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too  hard  it  would  snap  and  break,  but  if  it  were  properly  tempered, 
it  was  possible  to  do  fairly  good  work  with  it.  A  circular  saw 
could  be  pushed  against  the  work,  and  at  the  same  time  everything 
depended  on  the  quality  of  the  blade  and  how  it  was  tempered  to 
stand  the  pressure  put  upon  it.  The  resistance  or  strength  of  the 
saw-blade  to  withstand  the  pressure  exerted  in  feeding  the  saw 
into  the  cut  was  enhanced  by  the  way  the  saw  was  held  on  the 
spindle. 

A  flush  side-saw  was  not  limited  only  to  attaining  simply  the 
flush  side.  The  main  thing  was  to  retain  the  saw  in  a  straight 
cutting-line  so  that  there  was  no  friction  on  either  side  of  the 
blade  when  in  the  cut ;  thus  it  was  absolutely  certain  to  make  a 
true  cut.  As  the  author  mentioned,  if  one  desired  to  strengthen 
the  saw,  it  must  have  it  in  depth,  but  not  in  thickness.  It  was 
most  necessary  to  have  thickness  in  order  to  get  through  a  solid 
piece,  and  he  had  no  doubt  the  author  found  that  out  in  cutting 
through  solids ;  therefore  there  must  be  good  clearance  on  the  blade. 
He  desired  to  show  the  best  method  of  holding  a  circular  saw,  which 
could  not  be  done  with  a  ribbon  saw.  Fig.  24  showed  the  blade 
which  was  ground  so  that  a  clearance  in  the  saw  was  obtained. 

The  hardening  and  hammering  of  a  saw-blade  was  a  delicate 
matter,  no  matter  what  class  of  steel  the  blade  was  made  of ;  it 
had  its  own  way  of  buckling,  whether  it  was  done  by  passing  into 
the  hardening  bath  obliquely,  or  whether  it  was  put  in  flat,  or 
whether  the  oil  in  the  bath  was  of  a  varying  temperature.  The 
cooling  had  also  to  be  borne  in  mind.  The  hammering  of  the  blade 
was  a  skilful  business.  When  the  hammer-smith  took  the  saw  to 
straighten,  he  was  invariably  compelled  to  put  on  the  portion  that 
was  intended  to  be  held  by  the  washer  a  lot  of  peck-hammer  marks 
for  the  purpose  of  drawing  the  saw,  so  as  to  make  it  perfectly 
true.  This  process  of  hammering  was  done  at  intervals  during  the 
hollow-grinding  process ;  therefore,  as  far  as  the  saw-smith  was 
concerned,  when  it  came  from  his  bench  it  was  completed  and 
considered  true.  But  if  the  blade-saw  was  put  in  between  two 
true  washers  and  screwed  up,  the  tendency  was  for  it  to  buckle, 
therefore  no  straight  cut  could  be  made,  no  matter  how  true  the 
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saw  was  considered  to  be.     Formerly  he  used   to  have  his  saws 
ground  with  a  fiat  space  on  the  side,  B,  Fig.  24,  which  lie  called 
the  left  of  the  saw,  but,  all  the  way  to  the  centre  on  the  right  side, 
holes  for  rivets  were  made  in  the  saw  whilst  the  blade  was  in  the 
soft.     Having  prepared  a  steel  washer  true  on  both  sides,  he  took 
and  bolted  this  washer  to  the  saw-blade,  it  having  corresponding 
^-inch  diameter  holes,  and  he  bolted  the  washer  temporarily  to  the 
blade  of  the  saw.     When  he  had  bolted  it  up,  he  found  out  how 
much  the  saw  had  buckled  and  how  much  the  saw  would  give  way 
to  the  plate.     In  many  cases  he  had  had  a  saw  dished  as  much  as 
;j  inch  in  a  concave  way,  or  it  might  sometimes  be  dished  in  a 
convex  way.     To  correct   this   buckling,  the   method   he   adopted 
was  as  follows  :  He  bolted  a  washer  to  the  saw-blade,  but  supposing, 
after  he  had  bolted  the    saw  to  a  plate,  he  found  that   the   saw 
was  hollow,  then  his  method  came  in.     He  inserted,  between  the 
saw  and  the  plate,  a  piece  of  a  very  hard  specially  prepared  brown 
paper,  in  such  a  way  that  he  could  regulate  the  buckle  by  packing 
between  the  washer  and  the  saw.     Sometimes  it  took  two  or  three 
thicknesses  of   paper   to   make   the   saw  perfectly   true  on  either 
side,    the    washer  being   permanently  secured   by  rivets    in   place 
of  the  temporary  bolts,  so  that  when  completed  he  had  practically 
ensured   the    saw  being   theoretically   true  on  the   spindle   before 
it  was  fixed  on  the  saw  spindle,  and  before  it  went  away  from  the 
fitter's  bench.     He  quite  understood  that  the  saw  would  have  to 
be  perfectly  clear,  or  it  could  not  cut  straight  and  true. 

The  points  he  had  referred  to  were  very  important.  Personally, 
he  gave  his  saw  the  name  of  the  flush-side  circular  saw,  while  the 
author's  was  a  straight-blade  saw.  With  regard  to  the  author's 
machine,  as  the  feed  of  cut  was  given  by  the  weight,  and  the  weight 
had  been  taken  off  the  saw-blade  only  in  the  return  stroke,  what 
happened  to  the  cutting  stroke  when  the  blade  was  broken  ?  If  it 
was  going  forward,  the  pump  had  not  commenced  to  work  and, 
therefore,  it  must  fall.  He  was  siu-e  the  return  of  the  saw  in  the 
back  stroke,  or  easing  the  pressure  given  upon  the  saw  by  the 
weight,  was  the  invention  of  one  clever  appliance  to  obviate  the 
great  disadvantage  of  the  back  stroke.     If  it  were  possible  to  do 
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away  with  the  back  stroke,  the  machine  would  be  a  far  better  one. 
As  the  author  had  dwelt  so  deliberately  upon  the  question  of  the 
circular  saw,  he  (Mr.  Hill)  felt  it  was  his  duty  to  speak  in  its 
defence. 

Mr.  Louis  W.  Smith  said  that  having  during  the  last  few  years 
had  occasion  to  give  special  attention  to  the  quickest  and  most 
economical  method  of  sawing,  both  on  band-saws  and  hack  sawing- 
machines,  he  thought  it  might  be  of  interest  if  he  gave  a  few  figures 
of  the  comparative  cost  of  running,  not  only  taking  labour  into 
account  but  all  establishment  charges  also.  It  seemed  to  him  that, 
although  Mr.  Hill  naturally  thought  a  great  deal  more  of  the  circular 
saw  than  any  other  make  of  saw,  there  was  work  more  suitable  for 
the  hack-saw  than  for  the  circular  saw,  and  now  that  during  the 
last  year  or  two  the  author,  amongst  others,  had  given  them  such 
an  efficient  tool  for  using  the  hack-saw  blade,  he  could  not  but 
think  there  was  a  great  future  for  this  machine  tool ;  and  he 
would  be  sorry  to  hear  it  termed  an  idle  machine  when  it  was  so 
busily  engaged  on  useful  work  in  so  many  engineering  shops  at 
the  present  time. 

He  had  worked  out  during  the  last  few  months  a  comparative 
statement  of  the  cost  of  running  a  band-saw  or  a  group  of  band- 
saws  and  hack-saws  of  the  modern  type  as  represented  by  the 
author's  design,  and  he  found  that,  disregarding  the  slight  difference 
in  amount  of  power  required  for  driving  the  machine,  which  was 
not  very  material  but  including,  say,  7^  per  cent,  depreciation, 
5  per  cent,  interest  on  capital,  wages,  saw-blades  used,  and  lubricant 
required,  the  material  sawn  being  similar  for  both  types  of 
machines,  say,  0*2.5  per  cent,  carbon,  the  hack-sawing  machine 
could  be  run  for  two-thirds  the  cost  of  a  similar  sized  band-saw 
machine ;  in  the  speaker's  case  £90  total  for  one  band-saw  as 
against  =£60  for  the  hack-sawing  machine,  and  this  notwithstanding 
the  cost  of  the  hack-saw  blades  themselves  being  considerably  more 
than  the  band-saw  of  the  other  machine.  If,  as  he  hoped,  a  better 
quality  of  hack-saw  blades  would  shortly  be  obtainable — blades 
which  were   more    carefully   tempered,  and  perhaps   also   later  on 


782  STRAIGHT-BLADE    SAWIXG-MACHIXES.  JULY  1912. 

(Mr.  Louis  W.  Smith.) 

there  would  be  the  possibility  of  having  them  recut,  the  hack 
sa wing-machine  would  be  then  still  more  economical  in  use. 
In  his  opinion,  there  was  scope  for  great  development  in  the 
author's  machine,  especially  in  the  cutting  out  of  crank-shaft  webs, 
and  he  sincerely  thanked  the  author  for  having  produced  a  machine 
which  did  not  break  so  many  saws,  and  was  built  on  modern 
machine-tool  lines. 

Mr.  Charles  Wicksteed,  in  reply  to  the  many  complimentary 
remarks  which  Mr.  John  A.  McLaren  had  made  (page  776),  said 
that  if  the  block  he  proposed  to  cut  out  of  the  web  gave  trouble 
when  the  saws  went  through  the  bottom,  there  would  be  no 
difficulty  in  dealing  with  the  matter  in  one  way  or  other.  Perhaps 
the  best  plan  would  be  to  leave  about  ^^  uncut,  so  that  the  block 
would  not  fall  out ;  this  uncut  piece  would  only  be  left  on  one 
side,  as  the  other  side  would  go  through  into  the  hole.  There 
would,  therefore,  be  no  difficulty  whatever  in  afterwards  taking 
the  block  out. 

Owing  to  the  short  time  at  his  disposal  he  coiild  not  foUow 
Mr.  Joseph  Hill  into  all  the  points  he  made  (page  776),  but  was 
surprised  to  hear  Mr.  HiU  boast  of  ha^nng  sold  £6,500  worth  of 
circular  blades  in  so  short  a  time,  as  the  only  inference  that  could 
be  drawn  from  this  large  sale  was  that  the  working  of  his  machines 
was  very  expensive  to  the  users.  As  far  as  the  idle  stroke  was 
concerned,  it  was  a  good  thing  for  the  makers  of  circular  saws  that 
there  was  an  idle  stroke  in  the  reciprocating  saw,  otherwise  they 
would  have  no  chance.  Every  one  knew  that  the  advantage  of 
a  circular  saw  or  a  band  saw  was  that  it  was  continuously  cutting, 
and  that  one  of  the  disadvantages  of  the  reciprocating  saw  was 
that  it  was  not.  Mr.  HiU  would  have  found  out  what  happened 
when  the  saw-blade  broke  on  the  cutting  stroke,  had  he  given  more 
attention  to  the  subject  of  the  Paper  and  less  to  the  circular  saw. 
The  contingency  of  the  blade  breaking  on  the  cutting  stroke,  and 
consequent  danger  of  the  breakage  of  the  machine  by  the  sudden 
fall  of  the  fi'ame  with  a  heavy  weight  on  it,  were  provided  for  by 
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a  dash-pot,  which  was  a  part  function  of  the  oil  ram,  and  explained 
in  the  second  paragraph  of  page  768. 

He  was  very  much  interested  in  what  Mr.  Hill  said  about  his 
circular  blade  and  the  teeth  that  he  designed  to  prevent  them 
from  choking ;  it  showed  that  Mr.  Hill  had  taken  a  great  deal  of 
pains  and  showed  great  skill  in  bringing  out  a  good  blade.  It 
also  made  one  think  of  the  great  difficulties  there  were  in  making 
a  blade  true.  The  fact  of  the  matter  was  that  both  the  circular 
and  the  band  saw  in  ordinary  use  were  liable  to  run  very  much. 
His  silence  on  the  question  of  the  choking  of  the  blade  with  soft 
material  was  explained  by  the  fact  that  there  was  no  choking. 
The  idle  stroke  with  the  lift  on  the  return,  which  Mr.  Hill  made 
such  sport  of,  was  one  of  the  reasons  of  this ;  the  teeth  were 
cleared  at  every  stroke,  the  lifting  motion  pulling  the  cuttings 
from  between  them.  He  had  never  experienced  any  trouble  in 
that  respect,  no  matter  what  class  of  material  they  were  cutting. 

With  regard  to  the  question  of  the  shape  of  the  teeth,  he 
desired  to  point  out  that  up  to  the  present  comparatively  little 
attention  had  been  paid  to  straight  blades,  and  that  was  one  of 
the  reasons  why  they  had  not  so  far  made  anything  approachingly 
as  good  as  they  probably  would  do  befoi-e  long.  It  must  be 
remembered  that  he  had  only  just  begun  the  work ;  it  had  taken 
him  all  his  time  to  get  blades  made  of  the  strength  he  wanted, 
quite  apart  from  the  question  of  the  teeth.  He  had  personally  been 
experimenting,  so  far  not  successfully,  with  the  object  of  getting 
a  really  good  milling  cutting  tooth,  instead  of  the  sharp  cornered 
tooth  at  present  in  use,  and  he  did  not  know  whether  or  not  he  would 
succeed.  As  the  subject  had  been  raised,  he  would  like  to  say  that 
a  blade  exactly  the  same  as  the  dished  blade,  that  Mr.  Hill 
described,  had  been  made  for  a  hack-saw  already.  It  was 
expensive,  costing  four  or  five  times  as  much  as  the  ordinary  blades, 
but  it  was  wonderfully  successful ;  it  had  been  at  work  for  a 
week,  and  seemed  as  good  at  the  end  of  the  week  as  it  was  at  the 
beginning.  The  improvement  of  the  blade  was  in  the  future,  and 
if  he  had  had  the  time,  and  anything  approaching  the  skill  that 
Mr.  HiU  had  in  bringing  out  his   blades,    he    believed    he   would 
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have  produced  a  blade  many  times  better  than  the  best  at  present 
in  use,  although  he  feared  he  could  never  compete  with  Mr.  Hill 
in  the  successful  application  of  brown-paper  packing. 

He  had  been  very  much  interested  in  what  Mr.  Louis  W.  Smith 
had  said,  and  thanked  him,  and  all  of  those  present,  for  the  kind 
attention  they  had  paid  to  his  Paper,  and  also  thanked  Mr.  Hill 
for  the  good  humour  of  his  drastic  criticism. 


Communication. 


Mr.  William  Poultox  wrote  that  the  firm  with  which  he  was 
connected — the  Baltic  Steel  Works,  Sheffield — were  users  and 
also  makers  of  saw-blades  of  every  description,  and  had 
experimented  with  and  perfected  several  kinds  of  tools  of  this 
description  for  cold-cutting.  It  was  interesting  to  note  the 
author's  remarks  (page  762)  as  to  the  use  of  tungsten-steel  blades 
made  by  the  SterHng  Co.  His  own  firm's  most  successful  hack- 
saw blades  were  made  from  genuine  high-speed  steel,  hardened 
on  the  teeth  only  by  a  special  process  and  used  in  a  Racine  machine 
cutting  sections,  rounds,  etc.,  of  annealed  high-speed  steel.  Ordinary 
blades  of  most  makes  were  not  satisfactory  on  this  class  of  steel, 
which,  owing  to  its  density,  was  very  severe  on  saws,  the  life  of 
ordinary  hack-saws  in  almost  every  case  being  very  short. 

With  regard  to  the  remarks  on  page  762  concerning  the 
comparison  of  circular  saws  with  hack  saws,  the  author  could  not 
be  aware  of  the  improvements  which  had  taken  place  in  this 
direction.  As  to  the  difficulty  mentioned  in  getting  these  blades 
hard  in  certain  qualities  of  steel,  the  writer  was  in  agreement. 
On  their  latest  improved  saw,  made  throughout  of  genuine 
high-speed  steel,  the  blade  was  not  hardened  throughout,  but  only 
to  a  depth  of  1  inch  or  2  inches  round  the  circumference,  the  rest 
of  the  blade  being  stiSened  to  withstand  buckling  or  any  other 
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form  of  violence  which  might  arise  in  the  life  of  the  saw.  This 
was  not  an  experiment,  but  an  actual  fact,  and  four  or  five 
times  duration  of  life  of  saws  was  guaranteed  over  any  ordinary 
crucible  carbon  cold  saw ;  with  regard  to  hardness  of  teeth  of  the 
saw,  this  had  been  found  to  be  of  a  hardness  of  600  on  the  Brinell 
test.  Over  200  of  these  saws  had  been  supplied  during  the 
present  year  by  his  firm. 
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COMMERCIAL    UTILIZATION    OF    PEAT 
FOR    POWER    PURPOSES. 


By  H.  V.  PEGG,  of  Belfast. 


The  question  of  the  utilization  of  Peat  Fuel  for  power  purposes 
has  received  a  large  amount  of  attention  from  engineers  for  many- 
years  past.  Efforts  in  this  direction  have  mostly  taken  the  shape 
of  some  form  of  prepai-ation  of  peat  fuel  in  order  primarily  to  get 
rid  of  the  superabundant  moisture  in  the  fuel.  Very  large  sums  of 
money  have  been  spent  on  peat-preparing  machinery  with  generally 
very  inadequate  results  ;  hence  it  has  always  appeared  to  the  author 
that,  in  order  to  bring  the  utilization  of  peat  to  a  commercial  level, 
the  first  consideration  would  be  the  utilization  of  the  peat  as  far  as 
possible  in  the  condition  in  which  it  leaves  the  bog-lands  without 
any  preliminary  and  expensive  machine  treatment. 

The  author  had  the  opportunity  about  seven  years  ago  of 
experimenting  with  air-dried  hand-cut  peat  fired  into  a  special 
form  of  gas-producer.  With  aU  gas-producers  using  bituminous 
fuel  the  main  trouble  is  to  get  rid  of  the  tarry  by-product.  In  this 
instance  the  gas-producer  was  arranged  to  work  intermittently, 
there  being  periods  of  "blowing"  dui'ing  whicli  the  fuel  in  the 
producer  was  urged  to  incandescence,  and  periods  of  gas-making 
during   which    the   tarry   by-products   were    passed    through    the 
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incandescent  fuel  where  lliey  were  split  up  into  gas.  The  chief 
difficulty  experienced  with  this  plant  was  the  high  thermal  value 
of  the  gas  generated,  about  3.30  B.Th.U.  Owing  to  the  high  and 
varpng  percentage  of  hydrogen  in  the  gas,  it  proved  unsuitable 
for  use  in  the  works  gas-engine ;  and  although  the  plant  was 
running  more  or  less  continuously  for  ten  days  driving  the  whole 
works,  very  considerable  trouble  was  experienced,  not  only  in  the 
engine,  but  also  in  the  plant,  owing  to  the  varying  moisture  content 
of  the  peat,  the  producer  plant  being  decidedly  sensitive  in  regard 
to  this  latter  point. 

From  the  experience  then  gained  it  appeared  evident  that  it 
would  be  wiser  to  extract  the  tar  from  the  gas,  rather  than  to  try 
to  utiKze  the  same  by  converting  it  into  gas,  and  further  that  the 
producer  must  be  comparatively  non-sensitive  to  the  amount  of 
moisture  in  the  peat  fuel.  Some  two  years  ago  the  author 
discussed  the  question  of  the  utilization  of  air-dried  peat  fuel  with 
Mr.  Hamilton  Robb,  of  Portadown,  who,  having  large  supplies  of 
such  fuel  convenient  to  his  factory  at  Portadown,  was  strongly  of 
opinion  that  it  shoiild  be  possible  to  utilize  such  fuel  in  order  to 
generate  the  power  required  in  the  factory.  As  the  result  of 
various  tests  run  with  an  experimental  plant  at  the  works  of 
Messrs.  Crossley  Brothers,  Openshaw,  a  special  plant  was  eventually 
manufactured  by  them  under  their  designs  and  patents  and  to  the 
author's  specification.  This  plant,  which  has  been  running  since 
last  September,  has  been  so  often  dealt  with  in  the  daily  and 
technical  press  that  there  is  no  need  for  the  author  to  dwell  upon 
the  details  of  the  plant,  but  he  proposes  to  make  a  few  remarks  in 
regard  to  the  difficulties  experienced. 

Air-dried  peat  is  not  a  very  convenient  fuel  to  fire  into  the 
producer,  and  as  it  was  uncertain  whether  it  would  be  possible 
to  burn  the  fuel  direct  in  the  form  in  which  it  came  from  the 
bog-lands,  provision  was  originally  made  in  the  plant  to  deal  with 
peat  fuel  prepared  by  being  reduced  in  size  to  blocks  of  about 
5  inches  cube,  but  it  was  found  possible  to  dispense  with  the 
preliminary  treatment,  and  the  construction  of  the  plant  was 
thereby  considerably  simplified. 
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As  regards  the  general  running  of  the  plant,  last  October  it 
was  subjected  to  a  test  run  of  six  hours'  duration  with  a  load  of 
250  b.h.p.,  the  peat  consumption  per  b.h.p.-hour  averaging  2*55  lb., 
the  peat  fuel  containing  18*98  per  cent,  of  water;  this  was  with 
both  producers  running,  although  the  load  was  considerably  below  the 
total  capacity  of  the  plant.  When  necessary,  it  has  been  found  that 
the  above  load  can  be  safely  carried  with  either  producer  working 
singly,  and  the  plant  has  run  under  these  conditions  for  several  days. 

It  will  be  noted  that  the  percentage  of  moisture  in  the  fuel 
during  the  above  test  was  unusually  low.  This  was  owing  to  the 
unusually  dry  summer  of  1911.  During  November  and  especially 
December  last  the  fuel  fed  to  the  plant  was  extremely  wet,  as  the 
rainfall  in  those  months  was  very  heavy  and  the  fuel-supply  was 
and  is  entirely  exposed  to  the  weather.  The  plant,  however, 
wox'ked  just  as  well  with  sodden  peat  as  it  did  with  the  drier 
peat,  the  only  difference  being  the  amount  of  fuel  consumed.  The 
amount  of  water  in  this  "  sodden  peat "  varied  considerably  from 
day  to  day,  and  the  exact  percentage  was  not  arrived  at ;  as  near 
as  could  be  estimated,  it  was  at  least  70  per  cent. 

The  separation  of  the  tar  from  the  gas  was  the  chief  difficulty 
to  be  overcome ;  it  was  found  far  better  to  rely  on  an  ample  water- 
spray  through  which  the  gas  passed  rather  than  any  form  of  a 
coke-scrubber,  as  the  coke  rapidly  became  clogged  with  tar.  The 
main  portion  of  the  tar  was  thrown  out  into  a  tar  sump  by  a 
centrifugal  tar-extractor ;  but  unless  the  gases  were  subjected  to 
a  thorough  washing  and  cooling  by  the  water-spray  above  referred 
to,  it  was  found  that  a  certain  proportion  of  tar  got  past  the 
extractor,  collected  in  the  gas-mains  and  finally  found  its  way  into 
the  gas-engines.  It  was  a  matter  of  experiment  as  to  the  precise 
amount  of  water  sprayed  into  the  cooler  which  was  necessary,  in 
order  to  insure  that  the  tar  vapour  should  be  sufficiently  condensed 
before  reaching  the  centrifugal  extractor,  so  as  to  enable  the 
extractor  to  effect  the  needful  separation.  As  now  arranged, 
the  proportion  of  tar  in  the  gas  after  passing  the  extractor  is 
small,  and  the  engine-valves  do  not  want  cleaning  out  more  than 
once  a  week. 
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When  first  startetl,  the  plant  generally  and  the  producers 
especially  required  a  thorough  cleaning  once  a  week ;  at  the 
present  date  the  plant  can  be  run  if  necessary  for  three  weeks 
without  cleaning,  though  the  weekly  cleaning  generally  takes 
place  as  a  matter  of  policy.  This  result  has  been  obtained  owing 
to  the  increased  amount  of  washing-water  used,  which  now 
amounts  to  about  7  gallons  per  b.h.p.  per  hour.  The  proportion 
of  tar  recovered  is  about  5  per  cent,  of  the  weight  of  fuel 
consumed,  and  during  the  initial  stages  of  the  running  of  the 
plant  a  certain  amount  of  this  tar  was  sold  to  tar-felt  manufacturers 
at  a  price  of  .3.5s.  per  ton,  but  sales  in  this  direction  ceased  owing 
to  an,  at  present,  ineradicable  pyroligneous  odour  which  persistently 
clings,  not  only  to  the  tar  itself,  but  to  all  the  various  oils  distilled 
therefrom. 

Experiments  have  also  been  made  with  the  tar  in  oil-burning 
boilers,  but  owing  to  the  very  high  percentage  of  water  in  the  tar 
— up  to  50  per  cent. — and  the  large  quantity  of  solid  matter  also 
present,  a  very  large  amount  of  preliminary  treatment  is  necessary. 
For  a  considerable  period  the  tar  at  Portadown  was  used  mixed  with 
coal  and  burnt  under  a  Stirling  boiler ;  the  precise  heating  value  of 
the  tar  so  consumed  has  not  however  been  ascertained.  At  the 
present  time  the  whole  factory  at  Portadown  is  run  entirely  on 
peat  fuel,  the  consumption  being  about  44  tons  per  week,  of  which 
the  producer  plant  takes  about  22  tons.  The  nature  of  the  peat 
varies  considerably ;  with  good  Vjlack  heavy  peat  the  weekly 
consumption  for  all  purposes  drops  as  low  as  35  tons  ;  and  with  light 
top  peat  from  the  surface  of  the  bog-lands  the  consumption  rises 
to  54  tons.  It  is  also  interesting  to  note  that  the  quality  of  the 
peat  is  reflected  in  the  carrying  capacity  of  the  barges,  which  bring 
a  load  of  35  tons  with  heavy  peat  and  24  tons  light  peat.  The 
peat  is  unloaded  from  the  barges  and  conveyed  to  the  producer 
platform  and  boiler-house  by  a  transporter.  CUnker  troubles  are 
not  often  experienced,  and  only  when  burning  the  inferior  grade  of 
peat,  the  presence  of  sand  in  the  fuel  causing  the  trouble. 

The  author  is  indebted  to  Mr.  "W.  A.  Mullen,  manager  at  the 
factory  of  Messrs.  Hamilton  Robb,  Ltd.,  for  the  following  figures 
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£ 

s. 

d. 

14 

17 

6 

16 

3 

0 

£31 

0 

6 

15 

0 

0 

£16 

0 

6 

in  regard    to  the   cost   of    fuel,   these  figures  being  given  on  the 
12th  of  June  last : — 

Cost  of  running  Factory  on  Coal  per  week  :— 
&h  tons  of  Anthracite  (a  35s. 
19  tons  of  Steam  Coal  @  17s. 

Cost  of  running  Factm-y  on  Peat  per  week  : — 
Say  up  to  50  tons  of  Peat  @,  6s.     . 

Weekly  saving  . 

Allowing    for    15s.   for    extra   labour,   the   net    weekly    saving    figures    out 
at  £15  5s.  6fZ. 

The  author  would  here  refer  to  the  letter  in  Engineering  of  the 
26th  January  last,  in  which  the  General  Manager  of  the  Power 
Gas  Corporation,  Ltd.,  gives  some  very  interesting  particulars  in 
regard  to  peat  plants,  more  especially  an  ammonia  recovery  plant 
working  in  the  South  of  England.  It  would  be  of  great  interest 
if  some  figures  as  to  the  working  costs  of  this  plant  could  be  laid 
before  this  Meeting.  It  will  be  noted  that  plant  is  worked  with 
ammonia  recovery  which  would  mean  a  very  much  larger  plant 
than  that  at  Portadown.  The  amount  of  the  nitrogen  in  the 
South  of  England  peat  is  apparently  high,  and  would  appear  to  be 
considerably  more  than  in  the  peat  used  at  Portadown,  analysis 
of  which  is  appended  hereto,  together  with  analysis  of  the  refuse 
tar  and  gas  from  the  producer. 

Analysis  of  Tar  made  by  Messrs.  Totton  and  Hawthorne. 

Sample  of  Tar  No.  2. 
The  sample  was  gi"ey  when  received,  but  very  quickly  turned 
black.     On  distillation  it  yielded  : — 


(1)  Water 

Per  cent 
.     37-2 

(2)  Light  oils  (distilling  below  230°  C.)     . 

(3)  Middle  oils  (distilling  at  230-270°  C.)  . 

.       5-8 
.       8-3 

(4)  Heavy  oils  (distilling  above  270°  C.)    . 

(5)  Coke 

.     23-2 
.     17-8 

(6)  Loss 

.       7-7 

100-0 
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Much  frothing  occurred  until  the  watei'  was  distilled  off. 
Towards  the  end  the  temperature  went  higher  than  a  mercuiy 
thermometer  will  record  (.360^  C).  The  different  fractions  obtained 
were  as  follows  : — 

(1)  Water,  faintly  acid  to  litmus.  Phenol  could  not  be 
detected. 

(2)  Light  oils  (below  230^  C.)  became  rapidly  dark  red  in 
colour.     Specific  gravity  of  crude  liquid  0*930. 

(3)  Middle  oils  (230-270^  C.)  became  dark  red.  Specific  gravity 
of  crude  liquid  0  •  944. 

(4)  Heavy  oils  (above  270°  C.)  on  standing,  crystals  of  paraffin 
wax  separated  out  to  the  extent  of  5  •  42  per  cent,  of  the  fraction 
(=  1*26  per  cent,  of  the  original  tar).  The  specific  gi-avity  of  the 
liquid  portion  of  this  fraction  was  0'906. 


Analysis  of  Samplk  of  Peat. 
(Pteceived  on  14th  September  from  Mr.  Hamilton  Robb,  Portadown.) 

Proximate  Analysis. 

Per  cent. 

Water 18-98 

Volatile  Matter 55-17 

Fixed  Carbon 24 '75 

Ash         .         .  1-10 


100-00 

Ultimate  Anah/sis. 

Per  cent 

Carbon   ....... 

.     44-60 

Hydrogen 

.       5-42 

Nitrogen         ...... 

.       0-97 

Ash 

.       1-10 

Moisture         ...... 

.     18-98 

Oxygen  (by  difference)     .... 

.     28-93 

100-00 
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Analysis  of  Average  Sample  of  Gas  during  a  Ten-Hours'  Trial, 


Moisture  in  Fuel  26  per  cent. 


CO,  . 

10-6 

CO    . 

21-0 

H,     .         . 

.'         .          .          . 

13-0 

CH,  . 

3-7 

Total  Combustible      .... 

37 '7  per  ceut. 

Calorific  Value 

[calculated  from  analysis) 

144-0  B.Thi.U. 

Discussimi. 

The  President,  in  jji-oposing  a  hearty  vote  of  thanks  to  the 
author  for  his  Paper,  said  it  dealt  with  an  extremely  important 
subject,  because  it  was  of  supreme  importance  to  Ireland  that  the 
peat  deposits  should  be  utilized  to  the  fullest  possible  extent.  It 
appeared  from  the  Paper  thiit,  after  overcoming  great  difficulties, 
success  had  been  achieved  which  might  have  far-reaching  results  in 
the  future. 

The  resolution  of  thanks  was  carried  bv  acclamation. 


Mr.  Bowman  Malcolm,  in  opening  the  discussion,  agreed  with 
the  author  that  the  only  chance  of  success  in  the  use  of  peat  in 
Ireland  was  that  people  should  be  able  to  use  it  without  any 
treatment.  Some  years  ago  a  system  was  inaugurated  at  Kellswater 
of  drying  peat  for  household  purposes.  The  peat  was  first  worked 
up  into  a  pulp,  then  squeezed  through  a  die,  and  it  came  out  quite 
hard  and  apparently  quite  dry.  An  experiment  was  made  with 
that  particular  peat  on  one  of  the  Northern  Counties  Committee's 
locomotives,  but  they  wei-e  able  to  get  only  7  miles  out  of  Belfast  on 
the  road  with  a  tendei-f  ul,  and  if  the  road  had  not  been  downhill  they 
would  never  have  got  back  ag;iiu.     There  was  no  man  living  who 

3    K 
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could  shovel  it  into  a  fire-box  fast  enough  to  keep  up  steam.  Yaiious 
experiments  had  also  been  tried  in  the  south  of  Ireland,  and  he 
believed  the  great  difficulty  experienced  was  in  following  the  bogs 
with  the  peat-preparing  plant.  The  adjacent  turf  was  soon  used 
up,  and  one  was  perpetually  moving  the  plant  to  follow  it  up.  He 
was  unable  to  speak  with  regard  to  the  particular  plant  at 
Portadown  described  by  the  author.  It  seemed  to  be  very 
economical,  but  it  must  be  remembered  that  it  was  simply  used 
for  the  manufacture  of  power-gas  for  power  purposes.  Personally, 
he  had  not  very  much  hope  of  the  ultimate  success  of  using  peat. 

Mr.  William  H.  Patchell  (Member  of  Council)  said  that  the 
press  to  which  Mr.  Malcolm  had  just  referred  appeared  from  the  short 
description  to  be  what  was  known  as  the  Extrusion  press,  which  was 
used  in  the  German  lignite  or  brown  coal  industry  to  a  very  large 
extent.  He  would  like  to  refer  to  the  analysis  given  on  page  793, 
where  26  per  cent,  of  moisture  in  the  peat  gave  13  per  cent, 
hydrogen  in  the  gas.  The  author  remarked  that  it  made  practically 
no  difference  to  the  operation  of  the  plant  whether  the  peat  was 
cut  in  the  dry  summer  or  in  December,  but  as  there  were  8  inches 
of  rainfall  in  the  latter  month  he  presumed  it  must  make  a 
considei'able  difference  in  the  hydrogen  content  of  the  gas.  It 
would  be  of  interest  if  the  author  would  state  what  the  hydrogen 
content  was  of  the  gas  in  the  winter  when  the  peat  was  70  per 
cent,  water  sodden.  There  was  a  little  difficulty  in  working  gas- 
engines,  in  that  it  was  impossible  to  work  the  same  compression 
conditions  with  a  high  content  of  hydrogen  gas  as  with  a  lowei- 
hydrogen  content. 

]Mr.  George  Andrews  said  he  was  not  a  mechanical  engineer, 
but  some  years  ago  he  took  great  interest  in  the  question  of  the 
utilization  of  peat.  He  remembered  seeing  a  process,  further 
details  of  which  the  author  might  perhaps  give,  which  dealt  with 
the  peaty  mass  by  electric  treatment  for  eliminating  what  might 
be  called  the  latent  watei-.  It  was  quite  easy  to  get  rid  of  the 
loose  water  bv  centrifugal  extractors,  but  it  Avas  found  that  in  the 
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molecules  of  peat  thei-e  was  a  large  amount  of  water  which  remained 
stubborn  and  would  not  come  out  under  ordinary  treatment.  The 
electiic  process  pjussed  a  current  tlirough  the  mass,  and  broke  up 
the  molecules  of  peat  so  that  the  water  was  very  much  more  easily 
expelled.  That  process  at  one  time  seemed  to  present  a  good 
many  possibilities,  but  nothing  seemed  to  be  heard  of  it  lately. 
The  Department  of  Agriculture  took  it  up,  and  had  a  plant  laid 
down  somewhere  in  the  midland  counties  of  Ireland.  The  difficulty, 
however,  seemed  to  have  been  the  cost  of  the  preliminary  treatment, 
and  the  subsequent  treatment  of  the  peat  after  being  partially 
dried  by  the  process  was  to  form  it  into  briquettes  for  sale.  It  w^as 
claimed  that  these  briquettes  were  of  very  high  thermal  value. 

Another  point  that  had  occurred  to  him,  during  the  reading  of 
the  Paper,  was  whether  a  use  could  not  be  found  for  the  tar, 
which  was  obtained  as  a  by-product  from  the  peat  when  used  for 
making  gas,  by  making  tar-macadam  for  roads.  The  smell  of  the 
woody  acids  would  not  matter  much  on  Irish  roads,  because  there 
were  at  some  seasons  of  the  year  a  good  many  other  smells  there 
ah-eady. 

Mr.  Walter  Dixox  said  that  the  members  continually  heard, 
as  they  had  heard  that  morning,  of  experiments  which  were 
carried  on  years  ago,  but  he  thought  it  was  necessary  to  face 
modern  developments  in  regard  to  the  question  of  utilization  of 
peat.  He  thought  it  must  be  taken  for  granted  that,  as  an 
economic  question,  peat  could  be  dealt  with  in  a  practical  manner. 
The  question  was  one  of  great  importance  to  Ireland,  but  it  was 
of  much  more  importance  to  other  countries  such  as  Canada  and 
Sweden,  both  of  which  had  carried  out  very  large  investigations 
and  had  arrived  at  certain  results.  People  on  the  other  side  of  the 
Irish  Channel  did  not  appreciate  the  question  of  the  utilization 
of  peat,  because  cheap  coal  was  available  in  England  and  Scotland  ; 
and  as  long  as  coal  could  be  purchased  there  at  anything  like 
present  prices  the  utilization  of  peat  need  not  be  discussed  so  far 
as  those  countries  were  concerned.  The  author  had  shown  that  in 
Ireland,  where  \Js,  a  ton  had  to  be  paid  for  ordinary  coal  a  id  Sa^-. 

3  K   2 
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a  ton  for  anthi-acite  coal,  peat  at  6*.  a  ton  could  be  dealt  with  as  a 
commercial  matter,  and  he  was  prepared  to  accept  the  author's 
statements  on  that  point. 

The  question  of  the  utilization  of  peat  had  been  investigated  on 
two  direct  lines.  One  line  of  investigation  was  whether  the  whole 
of  the  water  could  be  taken  out,  the  peat  being  so  compressed  or 
dealt  with  that  it  could  be  handled  in  a  solid  form  in  the  same  way 
as  coal.  That,  as  an  experimental  matter,  had  been  carried  to  a 
quite  successful  issue.  It  was*  a  well-known  fact  that  it  was 
impossible  by  any  kind  of  mechanical  treatment  or  mechanical  drying 
to  abstract  the  whole  of  the  water  from  peat.  Home  of  the  water 
in  peat  appeared  to  exist  in  some  chemical  form  which  prevented 
the  whole  of  the  moisture  being  absti'acted.  Many  thousands 
of  pounds  were  being  spent  at  the  present  time  on  a  process  which 
practically  amounted  to  boiling  the  peat  bog,  that  is,  disintegrating 
the  whole  of  the  peat,  drying  it  out  in  a  mechanical  process,  and 
obtaining  the  residue.  The  peat  was  then  in  a  pulp  form,  and 
could  be  manufactured  into  briquettes.  That  process  was  being 
carried  out  in  Scotland  with  the  idea  of  manufacturing  peat  to 
compete  in  a  solid  form  with  coal. 

The  Paper  had  brought  before  the  members  the  important 
development  that  had  taken  place  in  the  industry  in  the  last  two 
or  three  years.  To  speak  of  anything  before  the  last  two  or  three 
years  was  to  be  comparatively  out-of-date.  The  author  had  shown 
that  it  was  possible  at  the  present  time  satisfactorily  to  utilize  peat 
without  any  mechanical  process  in  drying.  Directly  a  mechanical 
process  of  drying  was  adopted,  expense  was  incurred.  Mr.  Pegg 
had  shown  that  in  a  special  gas-producer  plant  which  had  been 
erected,  peat  could  be  utilized  and  gasified.  One  of  the  objects 
of  the  author  in  giving  the  Paper  was  to  obtain  further 
information,  in  order  that  he  might  go  a  step  further  and  deal  with 
the  question  of  the  recovery  of  by-products.  Personally,  he  (Mr, 
Dixon)  had  given  a  good  deal  of  attention,  both  theoretical  and 
practicctl,  to  that  subject.  Quite  recently  his  colleagues  and 
himself  had,  in  a  practical  way  over  an  extended  period,  produced 
by-products  from  1  ton  of  dry  peat  which  had  a  marketable  value  of, 
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say,  17*'.  He  quite  iippreciuted  tlie  importance  of  that  statement — 
that  from.  1  ton  of  dry  peat  there  had  been  recovered  in  a  practical 
way,  that  is,  dealing  with  many  tons  of  peat,  sulphate  of  ammonia 
which  had  a  market  value  of  17*'.  The  recovery  of  by-products  and 
the  recovery  of  gas  from  peat,  when  it  was  in  the  state  to  which  the 
author  had  referred,  was  a  mechanically  satisfactory  process.  The 
only  question  was  :  Was  it  a  commercial  one  ?  The  first  trouble 
experienced  when  speaking  of  peat  as  a  commercial  product  was 
that  every  farmer  who  owned  3  acres  of  peat  bog,  which  he 
hitherto  had  regarded  as  useless,  thought  he  was  a  wealthy  man  ; 
so  that  the  price  of  peat  which,  during  the  period  of  the 
investigation,  was  regarded  as  being  almost  negligible,  immediately 
obtained  a  value  which  was  altogether  artificial. 

The  question  of  utilization  depended,  as  the  author  knew,  on  so 
many  subsidiary  questions  that,  while  it  was  practical  to  deal  with 
it  as  he  had  done,  and  also  to  deal  with  it  in  a  much  larger  way, 
the  question  had  to  be  asked  :  Was  it  commercial  ?  He  thought  it 
could  be  shown  that,  worked  on  a  big  scale  in  a  country  like 
Ireland,  and  given  a  sufficient  quantity  of  peat,  a  sufficient  demand 
for  power,  and  sufficient  capital,  it  coidd  be  made  a  paying 
proposition  to  transmit  power  from  some  of  the  peat  bogs  in  the 
centre  of  Ireland  for  dealing  with  the  Belfast  power  question ;  but 
it  required  a  very  lai-ge  amount  of  capital,  and  it  was  necessary  in 
its  present  state  to  take  very  large  risks.  One  serious  trouble  to 
which  reference  had  been  made  was  tliat  of  the  available  bog 
retreating  from  the  works. 

The  author  had  shown  that  he  could  deal  with  peat  containing 
various  quantities  of  water.  He  had  shown  how  he  could  deal  with 
peat  containing  70  per  cent,  of  water  in  his  plant,  but  the  size  of  the 
plant  would  grow  very  considerably  when  70  per  cent,  of  water 
was  dealt  with,  and  in  that  way  the  capital  question  came  in. 
Unfortunately  the  peat  was  not  usually  near  manufacturing  centres, 
and  the  capital  expense  involved  in  the  utiliztition  of  the  peat  was, 
he  thought,  one  of  the  difficulties  to  be  faced.  One  of  the  speakers 
at  the  Dinner  on  the  previous  evening  observed  that  engineering 
was  run  by  financiers.     He  thought  the  question  of  the  utilization 
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of  peat  was  one  wliicli  would  also  have  to  be  run  by  the  financiers, 
and  that  had  hitherto  been  the  case  in  Ireland.  One  or  two 
projects  had  been  run  by  the  financiers,  and  they  had  come  to 
rather  a  disastrous  end.  His  own  feeling  was  that,  in  view  of  such 
disasters,  one  was  justified  in  asking  the  author  whether  the  plant 
in  question  was  still  running.  As  a  matter  of  fact,  he  (Mr.  Dixon) 
had  had  an  opportunity  of  seeing  the  plant,  which  was  not  only 
running,  but  was  w^orldng  under  conditions  and  circumstances 
which  showed  that  it  must  be  running  constantly  and  satisfactorily, 
inasmuch  as  some  hundi^eds  of  w^orkpeople  were  dependent  upon 
the  power.  This  latter  point  in  itself  was  e\adence  and  confirmation 
of  what  he  (Mr.  Dixon)  had  already  said,  that  there  was  now  no 
need  to  further  ask  the  question  as  to  whether  peat  could  be 
satisfactorily  dealt  with  in  the  manner  described  in  the  Paper,  and 
he  did  not  see  why  in  Ireland  there  should  not  be  a  large  extension 
in  the  utilization  of  plants  of  such  size.  As  to  whether  they  could 
be  economically  worked  in  smaller  sizes,  or  much  larger  sizes, 
depended  on  points  which  would  require  special  consideration  in 
each  particular  case.  In  conclusion,  he  congratulated  and  thanked 
Mr.  Pegg  for  the  Paper. 

Mr.  Joseph  Hill  said  he  would  like  to  know  how  the  analysis 
of  tar  (page  791)  was  prepared.  It  would  also  be  interesting  to  know 
whether  that  tar  had  been  used  as  a  tar  for  spraying  on  roads,  and 
whether  it  was  not  better  than  the  article  at  present  used  for  that 
purpose.  The  author's  opinion  would  also  be  of  interest  as  to  whether 
he  considered  tar  prepared  from  peat  was  a  vegetable  compound  or 
a  mineral  compound. 

Mr.  Lacey  R.  Johxsox  (Canadian  Pacific  Railway  Co.)  said 
unfortunately  he  had  given  very  little  attention  to  the  subject  of 
the  commercial  utilization  of  peat.  During  the  past  few  years  a 
great  deal  of  interest  had  been  taken  in  the  subject,  and  many 
experiments  had  been  made  in  regard  to  the  preparation  of  peat 
from  some  of  the  boggy  districts  in  Canada.  The  experiments  had 
met  with   more    or   less  success — probably   less    than    more.     The 
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Can.-ulian  peoph^  [u-ohahly  reqiiiit'd  tlus  benelit  of  tlie  experience 
that  had  been  obtained  in  Ireland  to  guide  them  in  tlie  direction 
they  should  follow  in  their  experiments.  There  were  large  districts 
in  Canada,  which  were  a  long  way  from  the  coal  fuel  supply,  but 
new  things  were  being  found  every  day.  New  minerals  were 
being  discovered  in  every  corner  of  that  large  country,  and  he 
thought  probably  within  the  next  few  years  coal  would  be  found  in 
so  many  places  that  Canada  would  be  in  the  position  of  being 
practically  independent  of  peat  as  a  fuel. 

Peat  was  never  used  in  Canadian  locomotives.  At  the  present 
time  in  large  districts  of  Canada  oil-fuel  was  being  used  in 
preference  to  coal  fuel  for  variovis  reasons,  not  from  a  strictly 
economical  standpoint  so  much  as  from  the  necessity  of  saving  the 
forests  from  fires.  Large  areas  of  forests  had  been  burnt,  through 
sparks  from^  locomotives,  and  enormous  amounts  of  valuable  timber 
had  thus  been  lost  to  the  world.  He  could  only  hope  that,  in  the 
future,  Canada  would  have  still  more  of  its  timber  wealth  saved  to 
the  country  by  the  use  of  liquid  fuel,  and  also  by  enforcing  on 
hunters  and  prospectors  the  exercise  of  more  care  in  extinguishing 
their  camp  fires  instead  of  leaving  them  to  smoulder,  when  the  first 
gust  of  wind  would  fan  them  into  dangerous  and  destructive  forest 
fires. 

Mr.  H.  V.  Pegg,  in  reply,  said  he  thought  the  discussion  had 
proved  exceedingly  useful ;  in  fact,  there  were  so  many  points  upon 
which  he  would  like  to  dwell  that  he  was  afraid  he  would  not  be 
able  to  complete  his  reply  within  the  time  allotted  to  him.  Nature 
had  been  very  lavish  to  Ireland  in  the  matter  of  its  bog  supply. 
He  had  been  over  neai'ly  every  bog  in  Ulster,  and  in  traversing 
those  bogs  one  could  only  marvel  at  the  change  that  would 
undoubtedly  be  wrought  in  the  country  if  the  bog-lands  could  be 
utilized.  The  bog-lands  had  been  there  from  time  immemorial,  and 
the  amount  of  time  and  money  that  had  been,  and  was  being,  spent 
in  trying  to  utilize  peat  for  commercial  purposes  was  enormous. 
Mr.  Malcolm,  in  the  course  of  his  remarks  (page  793),  agreed  with 
him  in  regard   to  the  use  of  peat  Avithout  treatment.     Pei^sonally, 
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he  went  fuvtlier,  and  would  make  bold  to  say  that  it  was  the  only 
solution.  A  very  lai^ge  amount  of  money  had  been,  and  was  being, 
spent  on  a  process  for  preparing  the  peat,  a  matter  that  had  been 
touched  on  by  Mr.  Dixon  (page  796).  He  presumed  that  gentleman 
was  referring  to  the  Dumfries  plant,  which  had  been  in  existence  a 
long  time,  but  he  had  yet  to  hear  that  it  was  a  success.  It  might 
be,  and  he  would  be  only  too  glad  to  have  information  to  that  effect. 
The  colossal  amount  of  money  that  had  been  spent  on  preparing 
peat  Avould  be  sufficient  he  thought  to  deter  anybody  scheming  any 
further.  He  had  a  very  fine  briquette  of  peat  which  was  as  hard 
as  wood,  which  burnt  well,  and  which  was  exceedingly  useful  as  a 
fuel,  but  the  high  cost  of  preparing  it  prevented  its  adoption.  It 
was  produced  by  a  Dublin  man.  Whether  the  Dumfries  process 
would  turn  out  any  better  briquettes  was  quite  an  open  point. 

Mr.  Malcolm  mentioned  the  question  of  the  use  of  prepared 
peat  in  locomotive  boilers.  Many  years  ago,  when  he  was  on  the 
Great  Eastern  Eailway,  he  tried  firing  the  boilers  with  coal,  and  he 
found  that  quite  a  bad  enough  job  for  a  novice  ;  and  he  was  very 
glad  he  would  not  be  on  the  foot-plate  of  any  locomotive  when  peat 
was  being  tried.  At  the  present  time  a  peat  fire  was  used  under 
the  Stirling  boilers  in  Mr.  Hamilton  Robb's  works,  and  it  was  used 
simply  because  it  was  a  commercial  proposition.  It  cost  less  to  use 
plain  air-dried  peat  taken  out  of  the  stack  outside  than  it  did  to 
use  coal.  He  asked  the  firemen  what  kind  of  a  job  it  was,  and  they 
replied  that  they  did  not  want  a  harder  job,  that  it  was  quite 
enough  for  them,  in  fact  they  could  just  keep  going.  The  peat  was 
brought  to  Portadown  for  the  production  of  gas  in  the  gas-producer 
plant,  and  having  the  peat  there  during  the  recent  coal  strike,  it 
was  used  under  the  boilers  simply  as  an  experiment.  If  it  had  not 
paid,  its  use  would  have  been  dropped,  but  it  had  been  found  that 
burning  rough  air-dried  peat  was  better  and  cheaper  than  coal. 
But  the  main  use  for  the  peat  was  to  turn  it  into  water-gas  in  the 
gas-producing  plant. 

Mr.  Malcolm  had  referred  to  the  difficulty  of  prepai'ing  the  peat 
on  the  bog-land,  owing  to  the  necessity  of  following  up  the  peat. 
He  had  in  mind  a  relic  of  one  of  the  peat-preparing  machines  that 
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was  standing,'  on  onr  of  the.  boij^-liinds  when  lie  was  there  about 
thi-ee  years  ago.  Jt  was  rapidly  dropjung  into  decay,  simply 
because  the  cost  of  moving  the  machines  up  to  the  peat  was  more 
than  the  value  that  would  be  obtained  by  the  superiority,  if  any,  of 
machine  working  over  hand  working. 

Mr.  Patchell  (page  794)  had  raised  a  question  of  the  percentage 
of  hydrogen  in  the  analysis  during  the  winter  months. 
Unfortunately  he  had  no  ultimate  analyses  of  the  sodden  peat, 
that  is,  peat  with  about  70  per  cent,  or  more  of  water.  Tlie 
analysis  (page  793)  was  obtained  with  normal  air-dried  peat,  and 
26  to  30  per  cent,  was  abovit  the  figure  when  normal  air-dried 
peat  was  used.  With  regard  to  the  amount  of  hydrogen,  he  had 
mentioned  in  the  Paper  that  in  his  own  previous  experiments 
the  chief  difficulty  experienced  with  the  plant  installed  in  the 
Manchester  district  was  the  high  thermal  value  of  the  gas,  which 
was  owing  to  the  high  percentage  of  hydrogen.  It  very  nearly 
wrecked  the  engine  because  it  was  liable  at  any  moment  to 
exceedingly  violent  pre-ignition  charges.  The  plant  was  simply 
kept  running  for  the  reason  that  they  wanted  to  see  what  could  be 
done  with  it,  and  as  the  engine  was  an  old  one  it  had  to  take  its 
chance. 

His  experience  was  not  quite  the  same  as  that  of  Mr.  Andrews 
on  the  question  of  centrifugal  extractors.  He  found  that  it  was 
practically  impossible  by  any  means  to  get  the  w.iter  out  of  the 
peat,  and  that  was  the  reason  why  it  must  be  air-dried,  in  other 
words  left  alone.  If  an  attempt  was  made  to  get  the  water  out, 
troubles  immediately  began. 
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Commun  ica  tions. 

Mr.  Frank  Fielden  (Chief  Engineer,  Gas  Plant  Department, 
Messrs.  Crossley  Brothers)  wrote  that,  although  the  results 
obtained  at  Mr.  Robb's  factory  were  extremely  good,  a  much 
better  result  could  be  obtained  with  a  plant  sufficiently  large  to 
justify  ammonia  recovery.  The  amount  of  nitrogen  obtained  in 
the  recorded  analysis,  namely,  0*97  per  cent.,  was  extremely  low 
for  peat  fuel.  His  firm  had  actually  obtained  analyses  amounting 
to  2  •  7  per  cent,  from  Irish  peat,  although  it  should  be  stated  that 
there  was  a  great  variation  even  from  the  same  portion  of  the  bog. 
It  was  surprising  and  regrettable  that  developments  in  this 
direction  had  been  hitherto  confined  to  the  Continent.  Messrs. 
Crossley  Brothers  were  now  in  a  position  to  put  forward  a  design  of 
suction-gas  plant  which  would  not  only  successfully  gasify  peat, 
but  which  would,  without  any  alteration  to  the  generator,  gasify 
waste  fuels,  etc. 

Mr.  A.  Basil  Wilson  and  Capt.  H.  Riall  Sankey  (Member 
of  Council)  regretted  that  they  had  been  unable  to  be  present  at 
the  verbal  discussion.  They  had  since  had  an  opportunity  of 
considering  the  Paper,  and  hoped  that  the  following  remarks  might 
be  useful  to  the  members. 

It  should  be  borne  in  mind  that  when  any  fuel  containing 
moisture  was  burned  under  a  boiler,  a  proportion  of  its  combustible 
substance  was  used  firstly  to  evaporate  the  moisture,  and  secondly 
to  superheat  it  to  the  temperature  of  the  flue  gases;  whereas  if 
such  fuel  were  used  in  a  producer,  a  considerable  quantity  of  the 
water  contained  in  it  could  be  used  to  cool  the  issuing  gases, 
instead  of  carrying  out  this  necessary  process  in  a  scrubber.  They 
had  no  definite  data  as  to  how  much  water  in  peat  could  be  dealt 
with  by  the  producer  without  reducing  its  thermal  efficiency. 
They  considered  it  probable  that  peat  containing  60  per  cent,  of 
moisture,  representing  1  •  33  ton  of  water  per  ton  of  peat  substance, 
would  be  about  the  practical  limit. 
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The  (luigniins  sliowii  in  Fig.  1  (p:ige  804)  had  been  bused  on  these 
considerations,  in  which  the  percenttige  of  moisture  in  peat  was  plotted 
vertically  and  the  weights  horizontjilly.  The  equal  rectangles  (A) 
on  the  left  represented  1  ton  of  peat  substance  (that  is,  peat  free 
from  moisture).  The  rectangles  of  varying  lengths  (B)  represented 
the  additional  weight  of  peat  substance  required  to  evaporate  and 
superheat  the  water  contained  in  the  various  proportions.  The  top 
corners  of  these  I'ectangles  lay  in  the  curves  marked  "  boiler  "  and 
''  producer "  respectively.  For  a  producer  the  areas  were  cross- 
hatched  (C).  The  further  row  of  rectangles  (D)  represented  the 
weight  of  water  in  peat  of  various  percentages  of  dryness  when 
the  peat  was  burned  under  boilers.  In  the  case  of  peat  used  in 
producers,  it  was  only  when  the  moisture  exceeded  60  per  cent, 
that  an  extra  weight  of  peat  substance  was.  required  for  evaporation, 
whereas  if  burned  under  boilers  the  demand  for  additional  peat 
substance  existed  with  all  percentages  of  moisture. 

It  would  be  noticed  how  rapidly  the  weight  of  water  increased 
at  the  higher  percentages,  and,  incidentally,  it  might  be  pointed 
out  that  defining  the  quality  of  peat  as  a  percentage  of  water- 
content  was  liable  to  cause  misunderstanding;  between  20  to  30 
per  cent,  the  increase  in  weight  of  water  was  comparatively  small, 
namely  0*18  ton,  whereas  for  a  similar  increase  of  10  per  cent, 
from.  60  to  70  per  cent,  the  added  weight  of  water  was  considerable, 
namely  0*83  ton. 

Referring  to  the  Table  (page  791)  of  comparative  costs  of  Coal  and 
Peat  for  running  the  factory,  it  was  not  stated  what  the  water 
percentage  in  the  50  tons  of  peat  was,  but,  on  inquiry,  the  author 
informed  them  it  was  approximately  70  per  cent.  If  so,  and 
allowing  one  shilling  per  ton  for  carriage  from  the  bog  to  the 
factory,  the  cost  of  peat  substance  could  be  shown  to  be  17 '67 
shillings  per  ton,  and  on  this  basis  the  cost-curves  for  peat 
containing  various  percentages,  namely  25,  50  and  70  per  cent., 
burnt  under  boilers  and  in  producers,  shown  in  Fig.  1,  had  been 
drawn.  The  vertical  lines  marked  YY  and  ZZ  showed  the 
comparative  cost  of  steam-coal  and  of  anthracite  to  produce  the 
same  heating  effect  as  one  effective  ton  of  peat  substance,  assuming 
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the  calorific  values  of  anthracite  14,000,  steam-coal  13,000,  and  peat 
substance  10,000  B.Th.U.  per  lb.  It  would  be  seen  that  when  the 
cost  of  70  per  cent,  peat  was  six  shillings  per  ton,  the  cost  of  burning 
under  boilei-s  was  considerably  greatei-  than  that  of  coal ;  but,  when 
iised  in  a  producer,  ev^en  up  to  72  per  cent,  moisture,  it  was  less  than 
that  of  coal.  If,  however,  six  shillings  was  the  cost  per  ton  at  the 
factory  of  25  per  cent,  peat,  a  different  set  of  cost-curves  was 
obtained,  as  shown  in  the  Fig.  The  "  under-boiler "  curve  cuts 
the  steam-coal  line  at  about  65  per  cent.,  and  the  "  in-producer  " 
line  at  75  per  cent.  It  might  be  remarked,  however,  that  it  was 
hardly  possible  for  such  high  percentages  as  75  per  cent,  to  be 
effectively  used  either  in  boilers  or  producers. 

The  above  indicated  that  some  mistake  had  been  made  by  the 
author  in  the  statement  that  70  per  cent,  peat  was  used  in  the 
comparison  above  referred  to,  and  this  was  confirmed  by  the  fact 
that  the  calorific  value  of  8^^  tons  of  anthracite,  and  19  tons  of 
steam-coal,  worked  out  to  8*2  X  10^  B.Th.U.;  whereas,  taking 
10,000  B.Th.U.  per  lb.  as  the  calorific  value  of  peat  substance,  the 
value  of  70  per  cent,  peat  was  only  (1-0-7)  10,000,  or  3,000  B.Th.U. 
per  lb.  The  value,  therefore,  of  50  tons  was  3*4  x  10®,  but  a 
large  proportion  of  this  heat  was  necessary  for  evaporating  and 
superheating  the  contained  water,  as  had  already  been  pointed  out. 
In  the  Paper  it  ^\'as  stated  that  appi'oximately  half  the  peat  was  used 
under  boilers  and  half  in  producers.  It  could  therefore  be  shown 
that  under  these  conditions  12  tons  of  peat  had  to  be  burned  for 
evaporating  and  superheating  purposes,  leaving  only  38  tons 
efiective.  The  calorific  value  of  38  tons  of  70  per  cent,  peat  being 
only  2*55  X  10*,  there  was  obviously  a  large  deficiency.  If  the 
question  were  asked  :  What  percentage  of  water  might  there  be  in 
peat,  so  that  50  tons  would  produce  8' 2  X  10*  B.Th.U.  ?  a  simple 
calculation  would  shoiv  that  it  must  be  26.  The  cost-curves  for 
25  per  cent,  peat  were  therefore  approximately  applicable  in  such  a 
case.  It  would  seem,  therefore,  desirable  that  the  author  should 
ascertain  what  the  quality  of  the  pesit  was  as  used  in  comparison 
with  coal  as  given  in  his  Paper. 
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Mr.  H.  V.  Pegg  wrote  that,  in  further  reply  to  Mr.  Andrews  in 
regard  to  the  preparation  of  peat,  it  was  significant  that  the  process 
mentioned  by  Mr.  Andrews  was  not  successful  owing  to  the  very 
reason  mentioned  by  the  author,  namely  the  cost  of  treatment. 

As  regards  the  use  of  the  tar  for  making  tar-macadam  for  roads, 
the  term  "  tar  "  was  perhaps  misleading,  as  it  was  by  no  means  a 
pure  tar  or  any  approach  to  it.  It  would  perhaps  be  nearer  to  call 
it  an  emulsion  of  oil  and  water,  containing  a  considerable  amount 
of  solid  matter  consisting  of  very  fine  particles  of  charred  peat.  The 
amount  of  water  in  the  so-called  tar  would  probably  be  against  its 
use  for  road-making,  some  of  the  samples  analysed  showing  as  much 
as  50  per  cent,  of  water. 

Mr.  Dixon  gave  some  very  interesting  information  in  regard  to 
the  production  of  by-products  from  peat ;  the  author  would  be  glad 
to  know  what  it  actually  cost  to  recover  the  said  17  shillings' 
worth  of  sulphate  of  ammonia.  The  question  of  by-products 
recovery,  genei'ally,  was  a  very  large  one.  In  the  first  place, 
ammonia  recovery  could  only  be  considered  on  a  very  large  scale. 
Secondly,  a  very  large  amount  of  steam  was  necessary  for  the 
process,  so  that  by  the  time  this  had  been  generated  very  little  gas 
was  left  over  for  power  purposes.  It  was  therefore  doubtful  if  the 
recovery  of  by-products  was  of  advantage,  except  in  cases  where  the 
nitrogen  content  was  high.  The  author  had  hoped  that  some 
figures  would  be  forthcoming  at  the  Meeting  in  regard  to  the  peat 
plant  in  the  South  of  England  mentioned  in  the  Paper  (page  791),  as 
that  plant  was  an  ammonia  recovery  plant  and  the  results  obtained 
could  then  be  compared  with  those  mentioned  by  Mr.  Dixon.  It 
would  be  interesting  to  know  if  this  plant  was  stiU  running  and  if 
it  was  commercially  successful.  It  would  be  noted  from  the  analysis 
of  the  sample  of  Portadown  peat  that  the  nitrogen  content  was 
low,  namely  0' 97  per  cent.  This  was  decidedly  too  low  to  make 
the  question  of  ammonia  recovery  feasible,  but  it  must  be 
remembered  that  the  peat  in  question  was  practically  all  surface 
peat.  Tlie  nitrogen  content  of  the  peat  increased  with  the 
depth  of  the  bog ;  this  was  shown  1)V  analyses  taken  at  varpng 
depths. 
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Mr.  Hill  also  suggested  the  use  of  the  tar  for  spi'aying  the 
roads,  which  question  had  already  been  replied  to.  As  regards  the 
nature  of  the  tar  from  peat,  it  was  presumably  a  vegetable 
compound,  though  the  analysis  showed  crystals  of  paraffin  wax  to 
the  extent  of  1  •  26  per  cent,  of  the  original  tar. 

Mr.  Lacey  Johnson  mentioned  (page  799)  that  a  great  many 
experiments  had  been  made  in  Canada  in  regard  to  the  preparation 
of  peat  from  some  of  the  boggy  districts ;  these  experiments 
apparently  have  met  with  no  better  success  than  their  predecessors. 
Canada  with  her  huge  resources  would  probably  find  all  the  fuel 
wanted  without  having  to  resort  to  peat.  As  regards  its  use  in 
locomotives,  peat  was  manifestly  a  most  unsuitable  fuel  owing  to 
its  great  bulk  in  proportion  to  its  thermal  value,  and  the  first 
requisite  for  fuel  for  locomotives  was  portability. 

The  joint  contribution  on  the  part  of  Mr.  A.  Basil  Wilson  and 
Captain  Sankey  was  of  the  greatest  interest,  and  the  author  had 
studied  the  diagrams  and  curves  with  great  pleasure.  From  the 
producer  cost-curves,  it  was  evident  that  the  critical  point  was 
reached  with  60  per  cent,  of  moisture ;  after  that  point  the  curve 
extended  rapidly.  The  chief  difficulty  that  arose  was  the  deciding 
of  the  precise  percentage  of  the  water  contained  in  the  peat,  as  not 
only  did  this  percentage  vary  in  individual  peat-blocks  in  any 
given  lot,  but  it  also  varied  in  individual  blocks  from  day  to  day 
owing  to  weather  conditions,  and  this  consideration  probably 
accounted  for  the  mistake  mentioned.  The  70  per  cent,  peat 
referred  to  was  approximately  the  percentage  of  water  contained  in 
the  peat  when  it  was  fired  into  the  producer,  but  as  this  peat  had 
been  lying  on  the  ground  exposed  to  drenching  rain-storms  for  a 
considerable  period  before  being  fired  into  the  producer,  the 
percentage  of  water  was  naturally  higher  than  when  it  was 
delivered  on  site.  The  50  tons  of  peat  mentioned  was  the  weight 
of  peat  as  loaded  on  to  the  barges  at  the  bog-lands,  and  at  that 
time  the  percentage  of  water  was  probably  very  much  nearer  the 
figure  given  by  Mr.  Wilson  and  Captain  Sankey,  namely  26  per 
cent.,  which  was  somewhat  about  the  over-all  average  that  might 
be  expected  in  normal  air-dried  peat. 
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On  Tuesday  Afternoon,  oOth  July,  the  Members  proceeded  by 
special  tramcars  to  the  Works  of  Messrs.  Harland  and  Wolff, 
Queen's  Road,  where  they  were  entertained  at  luncheon  by  the 
Directors  of  the  Company,  under  the  chairmanship  of  Mr.  John 
W.  Kempster.  Subsequently  they  were  conducted  over  the  Works 
and  Shipyards  by  members  of  the  staff. 

At  Five  o'clock  the  Belfast  Corporation  Fire  Brigade  arranged 
a  special  turnout  at  the  Headquarters,  Chichester  Street,  under  the 
direction  of  Mr.  George  Smith,  Superintendent. 

In  the  evening  the  Institution  Dinner  was  held  in  The  Ulster 
Hall,  by  permission  of  the  Corporation  of  Belfast,  the  Hall  having 
been  tastefully  decorated  by  the  Reception  Committee.  The 
President  occupied  the  Chair,  and  225  Members,  Ladies,  and 
Visitors  were  present.  Among  the  latter  were  the  Members  of 
the  Reception  Committee,  which  included  The  Lord  Mayor, 
Councillor  R.  J.  M'Mordie,  M.A.,  M.P.,  Chairman,  and  the  Lady 
Mayoress ;  Mr.  J.  Milne  Barbour,  D.L.,  and  Mr.  Robert 
Thompson,  D.L.,  M.P.,  Vice-Chairmen ;  Mr.  H.  Incledon  Johns, 
Treasurer;  Mr.  S.  C.  Davidson  and  Mr.  Bowman  Malcolm,  Joint 
Honorary  Secretaries ;  Mr.  James  Mackie,  Chairman  of  Executive 
Committee ;  and  Mr.  J.  G.  Harris,  Assistant  Honorary  Secretary. 

The  President  was  supported  by  the  following  Members  of  the 
Council  of  the  Institution :  Past-Presidents,  Mr.  John  A.  F. 
Aspinall,  Mr.  William  H.  Maw,  LL.D.,  and  Mr.  J.  Hartley 
Wicksteed ;  Vice-President,  Mr.  Michael  Longridge ;  Members  of 
Council,  Dr.  H.  S.  Hele-Shaw,  F.R.S.,  Mr.  Robert  Matthews,  and 
Mr.  William  H.  Patchell. 


*  The  notices  here  given  of  the  various  Works,  etc.,  visited  in  connection 
with  the  Meeting,  wane  supplied  for  the  information  of  the  Members  by  the 
respective  authorities  or  proprietors. 

3    L 


810  INSTITUTION    DINNER.  JuLT  1912. 

After  the  Loyal  Toasts  had  been  honoured,  Mr.  John  A.  F. 
AsPiNALL  (Past-President)  proposed  that  of  "  The  City  and  Industry 
of  Belfast,"  and  said  that  the  Lord  Mayor  had  reason  to  be  proud 
of  the  city,  and  the  citizens  had  good  cause  of  pride  in  their  Lord 
Mayor,  who  had  filled  the  office  with  great  distinction  for  three 
successive  years,  while  he  was  also  the  representative  of  one  of  the 
important  divisions  of  the  city  in  Parliament.  There  was  no 
doubt  that  the  trade  of  Ireland  had  been  improving  enormously 
in  recent  years.  The  figures  of  the  Department  of  Agriculture 
and  Technical  Instruction  showed  that  for  the  five  years  ending 
1910  the  exports  from  Ireland  amount  to  .£65,800,000.  For  the 
first  time  they  had  exceeded  the  imports  by  £800,000.  The 
exports  of  manufactured  goods,  in  which  Belfast  took  such  an 
important  part,  had  grown  by  ,£6,500,000.  In  Dublin,  Coi'k, 
AYaterford  and  Limerick  they  saw  evidence  also  of  advancing 
trade,  and  everywhere  throughout  the  country  it  seemed  to  be 
the  same.  In  Belfast  they  had  some  wonderful  industries.  The 
exports  of  theii"  linen  goods  alone  came  to  ,£13,000,000.  That 
represented  about  one-fifth  of  the  total  exports  of  the  country. 
That  day  they  had  the  opportunity  of  seeing  one  of  theii'  great 
shipbuilding  works — instituted  years  ago  by  Sir  Edward  Harland 
and  Mr.  Wolfi".  The  export  of  shipbuilding  from  this  country 
was  over  ,£3,500,000.  Belfast  was  endeavouring  to  encourage 
shipbviilding,  and  had  altered  her  river — deepened  it,  widened  it — 
added  docks  and  quite  recently  created  a  magnificent  gi'aving  dock, 
which  would  accommodate  the  largest  ships  in  the  world.  Every 
kind  of  encouragement  was  given  to  trade.  He  felt  they  could 
all  congratulate  the  Lord  Mayor  and  citizens  of  Belfast  on  what 
had  been  done  for  Ireland.  Emigration  was  decreasing,  the  flow 
of  trade  was  increasing  by  leaps  and  bounds,  and  at  any  rate  the 
citizens  of  this  great  city  had  done  what  they  could  to  find  work 
for  the  sons  of  the  soil. 

The  Lord  Mayor,  in  acknowledging  the  Toast,  said  that  long 
ago  there  was  a  considerable  amount  of  manufacturing  of  woollen 
goods  carried  on  in  this  country,  and  a  great  grievance  had  existed 
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because  things  were  so  regulated  on  the  other  side  of  the  Channel 
that  the  trade  was  lost;  but  that  had   been  forgiven.     The  men 
who  had  been  engaged  in  that  industry  were  driven  to  the  United 
States  of  America,  and  they  were  the  very  men  who  secured  the 
independence  of  the  United  States.     That,  however,  was  all  past, 
and  two  years  hence  they  would  all  be  celebrating  the  hundredth 
anniversary  of  the  declaration  of  peace  between  the  United  States 
and  the  British  Empire.     Referring  to  imports  and  exports,  Belfast 
was  far  ahead  of  any  district  in  England  or  Scotland.     They  were 
also  far  ahead  in  regard  to  unemployment,  and  so  far  as  Poor  Law 
relief  was  concerned  they  had  50  per  cent,  less  than  the  average 
in  England  and  Scotland.     In  his  last  report  the  American  Consul 
stated  that  Belfast  and  the  surrounding  district  contributed  four- 
fifths  of  all  the  linen  manufacture  of  the  world.     He  was  sure  they 
were  all  pleased  to  know  that  the  imports  and  exports  of  the  city 
were  growing,  and  that  the  average  was  much  ahead  of  any  other 
place  on  the  other  side  of  the  Channel.     The  city  was  peculiarly 
pleased  with  the  visit  of  the  Institution  of  Mechanical  Engineers. 
Other  associations  visited  them  from  time  to  time,  and  the  citizens 
were  always  glad  to  welcome  them,  their  desire   being  to   make 
every  one  feel  at  home  and  enable  them  to  have  a  pleasant  and 
profitable  visit  to  this  very  energetic  community. 

Mr.  R.  Garrett  Campbell,  who  also  responded,  said  he  thought 
it  would  not  be  seemly  if  some  member  of  the  industrial  community 
of  Belfast  did  not  thank  the  Mechanical  Engineers  for  the  way  in 
which  they  had  received  that  toast.  Belfast  manufacturers,  in 
common  with  all  other  manufacturers,  recognized  that  they  owed 
to  the  Mechanical  Engineers  a  deep  debt  of  gratitude.  Without 
their  assistance  there  would  be  no  such  thing  as  industries  in  the 
modern  sense  of  the  term,  and  they  would  be  living  under  the 
conditions  of  the  past  to  which  Mr.  Horner  had  alluded  in  his 
Paper  on  spinning-wheels  and  distaffs.  Mechanical  Engineers  had 
made  it  possible  to  organize  industry  on  a  large  scale. 

Mr.  J.  Hartley  Wicksteed  (Past-President)  in  proposing  the 
Toast  of  "  The  Reception  Committee,"  remarked  that  sixteen  years 
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ago  the  Institution  came  to  Belfast,  and  they  then  had  a  most 
hospitable  Reception  Committee.  On  the  present  occasion  they  had 
a  very  large  and  influential  Committee,  to  whom  the  thanks  of  the 
Members  were  due,  and  he  could  not  allow  the  occasion  to  pass 
without  mentioning  their  obligations  especially  to  the  Honorary 
Secretaries,  Mr.  S.  C.  Davidson  and  Mr.  Bowman  Malcolm.  He 
coupled  the  Toast  with  the  names  of  Mr.  Robert  Thompson  and 
Mr.  J.  Milne  Barbour,  Vice-Chairmen  of  the  Reception  Committee. 

Mr.  Robert  Thompson,  D.L.,  M.P.,  in  replying,  said  he  felt 
assured  that  the  Reception  Committee  had  endeavoured  to  discharge 
efficiently  the  duties  entailed  upon  them  by  this  highly  appreciated 
visit  to  the  loyal,  industrial  city  of  BeKast.  The  Reception 
Committee  were  sensible  that  a  high  honour  had  been  conferred  on 
this  city  by  that  timely  visit  of  the  honoured  and  distinguished 
members  of  the  Institution  of  Mechanical  Engineers,  who  could 
boast  of  many  noble  works  well  and  faithfully  done,  in  which  the 
sons  of  Britain  had  achieved  great  and  illustrious  distinctions.  If 
they  went  back  about  three  centuries  before  the  Christian  era 
they  found  Archimedes  had  then  distinguished  himself  as  the 
greatest  mathematician  and  engineer  of  which  they  had  any 
historical  I'ecord,  but  they  must  come  to  more  modern  times  to 
find  in  the  seventeenth  century  that  Sir  Isaac  Newton  discovered 
the  laws  of  gravitation  and  of  motion,  force  and  energy,  and 
provided  formulae  by  which  the  earth  and  the  planets  could  be 
measured  and  weighed  as  in  a  balance.  A  century  later  they 
came  to  James  Watt,  the  inventor  of  the  steam-engine,  and  almost 
concuiTcntly  Richard  Arkwright  invented  the  spinning-jenny.  A 
little  later  came  George  Stephenson's  inventions.  During  their 
own  time  they  had  carefully  watched  the  progress  made  in  the 
steam-engine,  and  in  more  recent  times  they  found  the  invention 
of  Morse's  telegraph  introduced,  by  which,  with  improvements, 
they  had  ultimately  encircled  the  globe.  In  1838  the  first 
steamship  crossed  the  Atlantic,  and  the  vessels  had  now  developed 
into  monster  ships  such  as  the  "  Olympic  "  and  the  unfortunate 
"  Titanic,"  which  deserved  a  better  fate.     In  1877  they  had  BeU's 
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telephone  introduced,  wbicb  was  now  indispensable,  not  only  in 
business  but  also  in  private  bouses.  In  1878  came  Edison's 
important  discoveries  in  electric  light.  In  1883  they  had  the  first 
electric  tramway  in  Great  Britain  opened  at  Portrusb,  leading  to 
the  Giant's  Causeway ;  in  their  own  times  they  bad  bad  motor 
vehicles  introduced,  which  to-day  monopolised  the  streets  of  all 
their  large  cities,  and  stiU  more  recently  they  bad  bad  the 
introduction  of  aeroplanes,  monoplanes,  and  hydroplanes,  all  of 
which  bade  fair  to  revolutionize  locomotion,  not  only  in  times  of 
peace  but  in  times  of  war.  Such  were  some  of  the  distinctions 
they  owed  to  skilled  and  inventive  engineers,  whom  they  regarded 
as  the  pioneers  of  works  of  supreme  importance.  They  as  members 
of  the  Reception  Committee  bade  them^  a  right  beai'ty  welcome  to 
the  city  of  Belfast. 

Mr.  J.  MiLXE  Barbour,  D.L.,  who  also  responded,  pointed  out 
that  Belfast  bad  grown  from  village  proportions  to  one  of  the  gi'eat 
cities  of  the  United  Kingdom  in  the  course  of  about  a  century, 
and  when  entertaining  members  of  a  profession  which  bad  done  so 
much  to  contribute  towards  that  development  they  could  not  but 
acknowledge  the  debt  they  ow^ed  to  mechanical  engineering  in 
the  three  great  branches  which  had  been  referred  to — namely, 
introduction  of  mechanical  power,  means  of  transport,  and  means 
of  rapid  communication  of  inteUigence.  In  all  those  three  great 
factors,  which  had  revolutionized  commerce,  mechanical  engineering 
certainly  could  claim  the  greatest  credit.  They  in  this  country 
would  cherish  the  hope  that  those  who  bad  done  so  much  to  curb 
the  rude  violence  of  disruptive  forces,  and  convert  them  into  useful 
and  well  ordered  energy  to  the  aid  of  industry  and  progress,  would 
be  able  to  achieve  yet  other  victories  in  that  direction,  and  possibly 
not  limit  the  scope  of  their  activities  alone  to  mechanical 
engineering. 

The  Toast  of  "  The  Institution  of  Mechanical  Engineers  "  was 
proposed  by  Mr.  James  Mackie,  Chairman  of  the  Executive 
Reception    Committee,   who    congratulated   the    President   on    the 
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(Mr.  James  Mackie.) 

important  position  which  the  Institution  of  Mechanical  Engineers 
occupied  in  the  world  of  Engineering.  When  he  looked  at  the 
illustrious  names  of  their  Presidents  he  scarcely  wondered  that 
it  had  had  such  progress — names  which  were  associated  with 
everything  that  had  done  so  much  for  England  and  for  the 
world — and  he  was  proud  as  a  Britisher  to  think  that  in  the 
development  of  engineering  England  took  the  most  prominent 
place.  When  he  met  the  engineers  of  other  countries  he  found 
they  were  men  with  a  knowledge  of  banking,  of  commercial  work, 
of  balance  sheets,  knowledge  of  other  countries,  and  possessing  the 
power  to  speak  in  the  languages  of  other  countries.  It  seemed  to 
him  that  if  British  engineers  were  to  progress  in  the  future  as 
they  had  done  in  the  past,  it  would  be  necessary  for  the  Institution 
to  consider  that  point  of  education  to  which  he  had  just  referred. 
It  appeared  to  him  sometimes  that  as  engineers  they  had  not  lived 
up  to  aU  their  opportunities.  Finance  was  controlling  engineering 
instead  of  engineering  controlling  finance.  Speaking  to  the 
younger  men,  he  said  that  what  they  had  to  do  was  to  keep  their 
aims  high  and  to  think  big,  and  if  they  did  that  they  would  come 
out  all  right  in  the  end.  He  had  great  pleasure  in  submitting 
that  Toast. 

The  President,  in  responding,  said  that  the  Proposer  of  the 
Toast  had  placed  before  them  as  mechanical  engineers  a  very  high 
ideal.  He  had  spoken  feelingly  of  their  difficulties  and  of  their 
aspirations,  and  he  was  sure  he  expressed  the  Members'  opinion 
when  he  said  that  it  was  the  strong  desire  of  the  Institution  of 
Mechanical  Engineers  to  help  forward  that  ideal  which  he  had  so 
nobly  expressed.  Mr.  Thompson  had  referred  to  the  distinguished 
line  of  Past- Presidents  of  that  Institution,  and  he  had  mentioned 
the  name  of  George  Stephenson.  They  must  never  forget  that  it 
was  their  proud  boast  that  George  Stephenson  was  their  first 
President.  Mr.  Thompson  had  also  refei'red  to  other  distinguished 
men,  including  Lord  Kelvin,  who  was  born  in  Belfast,  and,  although 
he  left  this  country  in  his  youth,  the  work  that  he  did  penetrated 
all  over  the  world,  and  Belfast  had  benefited  as  much  as  any  city 
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from  his  labours.  They  were  aware  it  was  proposed  to  place  in 
Westminster  Abbey  a  window  in  memory  of  Lord  Kelvin,  and  in 
that  matter  the  Institution  of  Mechanical  Engineers  was  taking 
part.  During  the  last  fortnight  the  Royal  Society  of  England 
had  been  celebrating  its  two  hundred  and  fiftieth  anniversary,  and 
it  was  a  coincidence  that  the  birth  of  the  prosperity  of  Belfast 
dated  from  about  the  same  time.  Ideas  were  then  very  different 
from  what  they  were  now,  and  though  the  Royal  Society  was 
associated  with  many  curious  experiments  at  that  time  there  was 
no  conception  that  it  would  attain  to  the  position  it  occupied 
to-day.  Reference  had  been  made  to  the  knowledge  and  experience 
required  by  mechanical  engineers,  and  he  heartily  sympathized 
with  the  idea  that  engineers  should  not  confine  their  attention 
entirely  to  engineering,  but  they  ought  to  be  broad-minded  and 
cultured  men.  It  was  largely  with  that  view  that  they  were 
instituting  a  test  of  such  general  knowledge  as  was  implied  in 
their  examinations.  Reference  had  been  made  to  the  work  of 
the  Reception  Committee,  but  he  could  not  sit  down  without 
reminding  them  that  the  work  of  those  outings  largely  depended 
upon  the  staff  of  the  Institution,  with  Mr.  Worthington  as  their 
secretary.  He  hoped  the  rest  of  their  visit  might  be  as  auspicious 
as  the  proceedings  that  day  had  been. 


On  Wednesday  Afternoon,  31st  July,  after  luncheon  in  The 
Ulster  Hall,  by  permission  of  the  Corporation  of  Belfast,  a  large 
party  of  Members  and  Ladies  went  by  special  steamer,  kindly 
provided  by  the  Harbour  Commissioners,  to  visit  the  Harbour 
Works  and  the  new  Graving  Dock.  At  the  latter  place 
refreshments  were  provided  in  a  marquee  by  kind  invitation 
of  Mr.  Robert  Thompson,  M.P.,  Chairman  of  the  Harbour 
Commissioners,  who,  with  several  of  the  Commissioners  and 
Officials,  accompanied  the  party  on  the  trip.  A  short  excursion 
was  afterwards  made  on  Belfast  Lough. 

Individual  visits  to  the  other  Works  (page  817)  were  also 
made  during:  the  afternoon. 
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In  the  evening  a  Reception  was  held  in  the  City  Hall  by  The 
Lord  Mayor  and  Lady  Mayoress. 


On  Thursday  Morning,  1st  August,  visits  were  made  to  the 
Engine  Works  and  Shipyards  of  Messrs.  Workman,  Clark  and  Co., 
and  to  one  or  other  of  the  Textile  Works  named  on  page  817. 

The  Weaving  Works  and  Peat  Fuel  Plant  of  Messrs.  Hamilton 
Robb  at  Portadown  were  also  visited  by  a  number  of  Members. 

In  the  afternoon  Mr.  and  Mrs.  S.  C.  Davidson  gave  a  Garden 
Party  in  the  grounds  of  their  residence  at  Seacourt,  Bangor,  the 
Members  and  Ladies,  to  the  number  of  about  200,  making  the 
journey  by  special  train.  During  the  afternoon  the  Band  of  the 
King's  Own  Scottish  Borderers  played  in  the  grounds. 

In  the  evening  the  Members  and  Ladies  attended  a  special 
Cinematograph  Exhibition  of  subjects  of  engineering  interest  in 
the  Picture  House,  Royal  Avenue,  by  invitation  of  the  Directors. 


On  Friday,  2nd  August,  two  whole-day  Excursions  were  made. 

One  was  to  Portrush  by  special  train,  kindly  provided  by  the 
Midland  Railway  Company.  After  luncheon  in  the  Railway 
Station  Dining  Room,  the  party,  consisting  of  Members  and 
Ladies,  proceeded  in  special  electric  cars  to  Dunluce  Castle,  over 
which  they  were  conducted  by  Mr.  WiUiam  A.  Traill,  M.A.  Ing., 
who  described  its  history.  The  journey  was  then  resumed  to  the 
Giant's  Causeway,  where  Mr.  Traill  again  guided  the  Party  and 
explained  the  geology  of  the  district.  After  tea  in  the  Chalet  at 
the  Causeway,  the  return  journey  was  made  in  special  cars  to 
Portrush,  where  dinner  was  served  in  the  Railway  Station  Dining 
Room. 

The  second  Excursion  was  made  to  Newcastle,  Co.  Down,  by 
special  train,  kindly  pi'ovided  by  the  Belfast  and  County  Down 
Railway  Company.  On  arriving  at  Newcastle  the  Members  and 
Ladies  pi"oceeded  by  carriages  to  Bryansford,  where  they  inspected 
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the  gardens  and  demesne  of  Tullymore  Park,  by  kind  permission 
of  the  Earl  of  Roden.  After  luncheon  in  the  Slieve  Donard 
Hotel,  Newcastle,  the  party  visited  Donard  Park  and  the  Golf 
Links. 


The  following   additional  Works  were  open   to  the   Members 
during  the  Meeting  : — - 

David  Allen  and  Sons,  16  Corporation  Street.     (Printing  and  Publishing.) 
Belfast    Central    Public    Library,    Royal    Avenue.       (Spinning    Wheels, 

illustrating  Mr.  John  Horner's  Paper,  page  685.) 
Belfast  Corporation  Electricity  Works,  East  Bridge  Street. 
Belfast  Corporation  Gas  Works,  Ormeau  Road. 
Belfast  Corporation  Tramways,  Car  Works  and  Engineering  Department, 

Napier  Street. 
Belfast  Municipal  Technical  Institute,  Mechanical  Engineering  Laboratory, 

College  Square  East. 
Cantrell  and  Cochrane,  Victoria  Square.     (Aerated  and  Mineral  Waters.) 
Dunville  and  Co.,  Royal  Irish  Distilleries,  Distillery  Street. 
Inglis  and  Co.,  35  Eliza  Street.     (Bread  and  Cake  Manufactory.) 
Belfast  Ropework  Co.,  Connswater. 
Broadway  Damask  Co.,  Broadway. 
Brookfield  Linen  Co.,  Crumlin  Road  (Flax  and  Tow  Spinning) ;  Cambrai 

Street   (Weaving,   Bleaching,   Dyeing    and    Finishing);    and    Agues 

Street  (Weaving). 
William  Ewart  and  Son,  Crumlin  Road  Mills.     (Flax  and  Hemp  Spinning 

and  Weaving.) 
Gunning  and  Campbells,  North  Howard  Street,  Falls  Road.     (Flax  and 

Tow  Spinning.) 
York  Street  Flax  Spinning  Co.,  York  Street. 


During  the  Meeting  the  Members  were  invited  to  be  Honorary 
Members  of  the  following  Golf  Clubs:  Royal  Belfast  Golf  Club, 
Carnlea,  Crawfordsburn,  Co.  Down ;  Royal  County  Down  Golf 
Club,  Newcastle ;  and  Royal  Portrush  Golf  Club,  Portrush. 
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BELFAST    CORPORATION    ELECTRICITY 
GENERATING    STATION. 

The  Central  Electricity  Generating  Station  is  situated  at  the 
corner  of  East  Bridge  Street  and  Laganbank  Road,  and  provides 
not  only  the  lighting  and  power  of  the  City,  but  also  the  whole 
of  the  energy  for  the  City  Tramways.  The  No.  1  Engine  Room 
contains  3,800  kw.  of  plant,  which  is  used  exclusively  for  the  supply 
of  electricity  for  lighting  and  power.  In  1905  the  building  was 
extended  in  order  to  meet  the  increased  demand  due  to  the 
electrification  of  the  tramways. 

The  No.  2  Engine  Room  contains  three  1,000  kw.  steam  dynamos. 
The  engines  were  built  by  the  local  firm  of  Messrs.  Combe  Barbour 
and  Combe,  Ltd.,  and  the  dynamos  by  The  British  Westinghouse 
Co.,  and  are  used  for  the  tramway  su23ply  only.  There  are  also  two 
1,000  kw.  turbo-dynamos,  and  one  1,500  kw.  turbo-dynamo  for  the 
lighting  and  power  supply.  The  turbines  were  built  by  Messrs. 
WiUans  and  Robinson,  of  Rugby;  the  1,500  kw.  machine  is  one 
of  their  latest  combined  impulse  and  reaction  type.  Two  of  the 
dynamos  are  by  Messrs.  Brown,  Boveri  and  Co.,  and  the  third 
by  Messrs.  Siemens  Bros.  The  total  capacity  of  the  combined 
station  is  10,300  kw. 

The  system  of  supply  is  continuous  current  at  220  and  440 
volts  pressure  for  lighting  and  power  purposes,  and  550  volts 
pressure  for  tramway  purposes.  A  portion  of  the  supply  is 
converted,  by  means  of  motor  generators,  to  3-phase  alternating 
current  at  6,000  volts  pressure  for  transmission  to  the  Fortwilliam 
Sub-Station,  where  it  is  again  converted  to  continuous  current  for 
the  tramways  and  lighting  supply  in  that  neighbourhood. 

The  boiler-houses  contain  six  Lancashire  and  fifteen  Babcock 
and  Wilcox  water-tube  boilers  ;  the  latter  are  fitted  with  mechanical 
chain-grate  stokers  and  fuel  economisers,  together  with  auxiliary 
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machinery.  A  conveying  plant  is  provided,  so  that  the  coal  can  be 
brought  alongside  the  quay  wall  at  Albert  Bridge  and  delivered 
mechanically  either  into  the  bunkers  over  the  boilers  or  into  a 
group  of  storage  bunkers  (1,600  tons  capacity)  situated  adjacent  to 
the  boiler-house,  the  ashes  being  removed  on  the  returning  half  of 
the  conveyor.  The  pump-house,  situated  on  the  riverside,  where 
electrically-driven  centrifugal-pumps  are  installed,  provides  the 
necessary  circulating  water  for  condensing  purposes.  Mr.  T.  W. 
Bloxam  is  the  City  Electrical  Engineer. 


BELFAST    CORPORATION    FIRE    BRIGADE. 

The  Belfast  Fire  Brigade  is  constituted  under  the  Belfast  Local 
Act,  1845,  and  it  was  originally  worked  by,  and  in  conjunction 
with,  the  Town  Police  Force  with  about  twenty  men  and  one 
station,  and  afterwards  by  a  small  permanent  and  auxihary  staff 
until  the  year  1892.  In  that  year  the  Brigade  was  reorganized 
and  strengthened,  and  has  been  further  augmented  from  time  to 
time,  and  now  consists  of  five  stations  and  eighty-one  men,  thirteen 
horses,  four  motors  and  the  various  fire-extinguishing  eqiiipment, 
thirty-nine  street  fire-alarm  call,  points,  and  a  number  of  automatic 
fire-alarms. 

The  headquarters  station  in  Chichester  Street  was  erected  and 
opened  in  1894;  the  site  is  practically  square,  being  70  yards  by 
65  yards,  having  a  frontage  in  Chichester  Street,  Oxford  Street  and 
Town  Hall  Street,  and  adjoining  the  police  cells  and  police  offices 
on  the  other  side.  The  station  is  of  three  floors,  and  fronts  on 
to  Chichester  Street,  and  consists  of  engine-house,  offices,  stables, 
gymnasium,  observation  tower,  etc.,  men's  dwelling-houses  of  two 
floors  abutting  on  to  Oxford  Street  and  Town  Hall  Street,  with 
engine-  and  boiler-house,  stables,  hay -lofts,  etc.,  adjoining  the 
police  cells,  and  a  drill-yard  in  the  centre  of  the  site. 
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The  branch  stations  were  erected  and  opened  as  follows,  viz.  : 
Spiers  Place  Station  in  the  year  1887,  Whitla  Street  in  1898,  Albert 
Bridge  Road  in  1904,  and  Ardoyne  in  1904. 

Since  the  year  of  the  reorganizing  of  the  Brigade  an  ambulance 
service  for  accidents,  etc.,  has  been  worked  by  the  Brigade,  and  the 
staff  have  been  successful  in  winning  cups  and  prizes  in  competitions 
under  the  St.  John  Ambulance  Brigade  regulations.  The  Brigade  is 
under  the  control  and  managed  by  a  Committee  of  the  Corporation. 
The  Chief  Officer  is  Mr.  George  Smith. 


BELFAST  CORPORATION    GAS    WORKS. 


The  Belfast  Gas  "Works  are  situated  close  to  the  River  Lagan, 
and  are  hemmed  in  between  the  Great  Northei-n  Railway,  the 
Ormeau  Road  and  private  property.  A  Parliamentary  Bill  is  now 
being  promoted  to  enable  the  Corporation,  among  other  things,  to 
acquire  the  latter  property  for  purposes  of  extension. 

These  works  were  first  established  in  1823.  The  ground 
occupied  was  only  about  1^  acre,  and  the  plant  was  necessarily  on 
a  very  small  scale.  The  concern  does  not  seem  to  have  been  a  very 
prosperous  one,  as  for  thirty  years  or  so  many  difficulties  had  to  be 
met,  but  from  1852  onwards  business  improved  greatly,  and  when 
the  Corporation  purchased  the  undertaking  in  1874  it  was  a  great 
financial  success. 

The  output  of  gas  has  continued  steadily  to  increase,  as  will  be 
seen  from  the  following  Table  : — 


1875 
1880 
1885 
1890 
1895 
1900 
1905 
1910 


418  millions  of  cubic  feet. 

548 

718 

978 
1,169 
1,305 
1,816 
2,236 
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The  output  foi^  the  year  ending  31st  March  last  reached  2,338 
miUions,  and,  as  far  as  can  be  judged,  the  possibilities  are  enormous, 
on  account  of  the  numerous  uses  to  which  gas  is  now  put  for  heating 
and  power  purposes. 

All  the  coal-gas  is  produced  at  present  in  horizontal  retorts,  but, 
under  a  new  scheme  of  extensions  proposed  by  the  present  engineer, 
these  will  be  displaced  by  verticals  in  the  near  future.  The  first 
section  of  these  is  already  in  course  of  construction  in  the  works. 
The  vertical  retort  adopted  is  the  Glover- West  system  of  continuous 
carbonization,  and  among  the  advantages  claimed  are :  small 
amount  of  space,  simplicity  of  mechanical  parts,  cleanliness  in 
working,  and  freedom  from  nuisance.  The  present  carbonizing 
plant  will  be  gradually  done  away  with,  and  the  vertical  retorts 
arranged  in  2^-milLion  sections  until  the  scheme  is  completed. 

The  method  of  carbonization  is  as  foUows :  The  coal,  having 
been  supplied  to  the  coal-feeding  hopper  above  each  retort,  slowly 
and  continuously  falls  by  gravitation  to  the  retorts,  and  through 
the  same  to  a  coke-receiving  chamber ;  the  coal,  passing  on  through 
the  retort,  becomes  completely  carbonized,  and  the  residual  coke 
is  extracted  by  means  of  a  worm  extractor  at  the  base  of  each 
retort.  The  speed  of  the  woi^m  regulates  the  speed  at  which  the 
coal  is  continuously  passing  through  the  retort.  The  coke 
accumulated  in  the  coke-receiving  chambers  below  the  retorts  is 
periodically  discharged  to  the  coke-conveyors. 

In  connection  with  this  system  of  carbonization  the  heating 
of  the  retorts  is  an  important  feature,  and  is  specially  applicable 
to  continuous  carbonization  in  vertical  retorts.  The  combustion- 
chambers  are  arranged  in  tiers,  each  chamber  being  separated 
from  the  other.  The  products  of  combustion,  after  passing 
around  the  retorts,  enter  a  common  duct  which  is  interior  to 
the  combustion-chambers,  and  the  waste  gases  circulate  through 
chambers  situated  at  the  top  end  of  the  retorts  before  entering 
the  chimney.  Further,  the  secondaiy  air  supplied  for  completing 
the  combustion  of  the  producer-gas  in  the  several  separate 
combustion  chambers  circulates  around  the  base  of  the  retorts, 
extracting  the  heat  transmitted  from  the  coke  through  the  walls 
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of  the  bottom  section  of  the  retorts  whicli  are  at  the  base 
constructed  of  cast-iron.  The  recovery  of  the  heat  from  the 
coke  ensures  very  considerable  economy  in  fuel  consumption  ;  it 
also  enables  the  coke  to  be  discharged  in  such  a  cool  state  that  no 
quenching  is  I'equired.  These  are  decided  advantages  with  this 
system,  and  they  enable  the  attendants  to  carry  out  their  duties, 
under  which  conditions  they  are  not  inconvenienced  by  steam  or 
fumes  arising  from  the  coke  as  in  the  ordinary  system  where  coke 
has  to  be  quenched.  The  working  of  the  plant  is  noiseless  and 
free  from  dust,  flame,  and  smoke,  so  common  wdth  other  systems 
for  the  carbonization  of  coal. 

The  construction  of  the  coke-extractor  is  another  important 
point  in  connection  with  the  Glover-West  system,  as  the  worm  is 
constructed  in  two  parts  to  enable  one  part  to  revolve  away  from 
the  other,  and  discloses  an  aperture  sufficiently  large  to  readily 
permit  the  use  of  scurfing  tools  and  the  retort  to  be  scurfed.  The 
extractor-gear  will  be  arranged  with  a  considerable  range  of  speed 
regulation  which  will  enable  the  speed  of  the  coal  passing  through 
the  retort  to  be  regulated  according  to  the  class  of  coal  being 
carbonized.  A  safety  device  is  fitted  to  each  set  of  coke-extractor 
gear  to  prevent  breakage  in  the  event  of  an  overload. 

It  is  proposed  eventually  to  build  on  adjoining  ground  a  large 
gas-holder  capable  of  holding  7^  to  10  million  cubic  feet,  but  in 
the  meantime  No.  5  Holder  has  been  demolished  and  a  new  four- 
lift  telescopic  spiral-guided  gas-holder  is  in  course  of  erection  in 
the  old  tank.  The  contract  for  this  woi-k  has  been  given  to 
Messrs.  Robert  Dempster  and  Sons,  of  Elland,  and  includes,  in 
addition  to  erection  of  new  holder,  the  demolition  of  Xo.  1  and 
No.  5  Holders,  and  the  erection  of  existing  crown  framing  of 
No.  5  Holder  in  the  tank  of  same.  No.  5  Holder,  which  has 
been  removed,  was  a  two-lift  telescopic  one,  each  lift  being  32  feet 
3  inches  deep.  The  inner  lift  was  176  feet  in  diameter  and  the 
outer  180  feet.  The  dimensions  of  the  gas-holder  to  be  erected 
are  as  follows  : — 

Inner    Lift  171  feet  9  inches  diameter  x  33  feet  3  inches  deep. 
Second  Lift  174  feet  9  inches  diameter  x  33  feet  3  inches  deep. 
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Third  Lift  177  feet  9  inches  diameter  x  33  feet  3  inches  deep. 
Outer  Lift  180  feet  9  inches  diameter  x  33  feet  3  inches  deep. 

This  work,  as  well  as  the  vertical  retort  bench,  will  be  well 
advanced  by  the  time  of  Meeting  in  July-August.  Mr.  James  D. 
Smith  is  the  Engineer  and  Manager. 


BELFAST    CORPORATION     TRAMWAYS: 
CENTRAL   DEPOT   AND   CAR  WORKS. 

This  depot,  which  was  reconstructed  in  1906,  is  situated  in  Napier 
Street,  Belfast.  The  Central  Car  Shed  is  entered  from  Gafl&kin 
Street  by  twenty-one  gates,  hung  to  cast-iron  .stanchions.  Its  area 
is  about  30,000  square  feet,  and  it  has  room  for  69  cars.  On  the 
floor  above  the  shed  wood-working  machineiy  is  installed  ;  formerly 
it  was  occupied  by  the  horses  in  a  series  of  stables. 

The  Car- Body  and  Painting  Shop  was  originally  a  three-storey 
building,  the  ground  floor  being  used  for  cars,  the  first  floor  for 
hay,  and  the  second  floor  for  grain.  The  present  Car-Building 
Shop  is  250  feet  long  by  42  feet  wide ;  it  was  formed  by  the 
removal  of  the  two  floors,  the  roof  being  supported  by  compound 
girders,  this  giving  a  clear  space  of  over  10,000  square  feet,  in 
which  three  lines  of  rail  are  laid. 

The  Machine  and  Truck  Shop  occupies  considerable  space  on 
the  Napier  Street  side  of  the  bv;ilding.  It  has  excellent  lighting, 
both  from  the  roof  and  side  windows,  whilst  artificial  lighting  is 
supplied  by  enclosed  arc  lamps  and  incandescent  lamps.  The 
Blacksmiths'  Shop  adjoins,  thus  facilitating  forgings  being  easily 
delivered  to  the  machines.  The  cars  enter  by  a  single  Hne,  which 
branches  out  into  two  lines,  running  to  overhauling  pits.  In  the 
re-wheeling  of  cars  a  new  method  has  been  introdviced  by  the  Chief 
Engineer,  Mr.  A.  A.  Blackburn.  Sections  of  the  rail  over  the  pits 
can  be  removed,  and  the  wheels  lowered  by  means  of  a  hydraulic 
jack ;  they  are  then  removed  to  the  end  of  the  pit  ready  for  lifting. 
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Overhead  is  a  large  travelling  crane,  which  runs  the  whole  length 
of  the  shop  and  can  lift  up  to  7^  tons. 

The  top  corner  of  the  Machine  Shop  is  devoted  to  a  large  and 
well-arranged  Tool  room.  The  shop  genei"ally  is  fitted  with  modern 
and  up-to-date  machinery.  Special  methods  have  been  devised  in 
many  cases.  Axle  and  armature  bearings  and  brasses  are  turned 
out  in  a  short  space  of  time  by  special  jigs. 

At  the  bottom  of  the  shop  is  a  tyre-shrinking  gas-furnace, 
designed  by  the  Chief  Engineer  and  built  by  the  staflf ;  it  consists 
of  two  iron  castings,  bolted  together,  with  the  centres  cored  out 
to  receive  the  ends  of  the  wheel-axles,  and  through  the  centre  is 
a  trough,  where  the  waste  water  is  run  oflF.  Two  1^-inch  gas-rings, 
with  35  burners  each,  are  fed  with  an  air-blast,  the  supply  being 
taken  from  the  smithy  fan.  Over  the  press  a  travelling-crane  runs 
parallel,  and  fitted  to  the  wall  is  a  semi-rotary  pump  which  pumps 
up  water  for  cooling  the  tyres.  In  this  press,  wheel-tyi-es  can  be 
heated  up  in  15  minutes  ready  for  shrinking  on. 

In  the  Armature  Room  repairs  are  made  to  all  the  electrical 
appliances  in  connection  with  the  car-equipment  and  estabHshment 
lighting.  At  one  end  of  the  shop  is  an  electric  oven,  which  is  built 
entirely  of  concrete,  and  is  capable  of  receiving  four  armatures  at 
the  same  time,  as  well  as  field-coils  and  controller  parts.  At  the 
other  end  of  the  shop  is  a  water  rheostat,  which  is  built  of  hard- 
wood, and  measures  3  feet  square  by  5  feet  high.  This  tank  is 
fiUed  with  water  in  which  are  immersed  the  electrodes,  consisting 
of  perforated  iron  cones.  The  rheostat  gives  a  current  variation  of 
from  20  to  500  amperes  at  500  volts. 

The  Smiths'  Shop,  60  feet  by  18  feet,  occupies  the  space  between 
the  machine  shop  and  the  car-building  shop,  and  is  equipped  to 
turn  out  all  the  necessary  forgings  used  on  the  truck,  car-bodies, 
and  establishment  work.  It  contains  four  forge  fires,  4  feet  by 
4  feet,  which  are  worked  with  a  motor-driven  fan-blast.  At  one 
end  of  the  smithy  a  Babbitting  plant  is  provided  for  refilling  with 
white  metal  all  bearings  used  on  car  equipments. 

Adjoining  the  Machine  Shop  is  the  Car-Body  Shop  and  Paint 
Shop.     Twenty  cars  can  be   built   or  reconstructed   at    one   time, 
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Fifty  of  the  old  horse-cars  have  been  converted  and  put  into 
service,  being  re-equipped  according  to  the  new  standard,  and,  as 
far  as  possible,  the  standardization  of  car  equipments  has  been 
observed. 

The  Paint  Shop  is  situated  at  the  far  end  of  the  Body  Shop.  On 
either  side  of  the  shop  the  car-bodies  are  placed  in  their  order  of 
advancement,  and  the  various  stages  of  priming,  filling,  rubbing 
down,  colouring,  decorating,  and  varnishing  can  be  followed 
through  each  day. 

The  "Wood-Working  Shop  is  well  provided  with  tools, 
including  a  42-inch  band-sawing  machine  by  J.  Sagar  and  Co., 
Halifax,  a  power  mortising-machine  with  graduated  stroke  by 
Robinson  and  Son,  Rochdale,  a  circular  moulding-machine  and 
self-acting  saw-bench  with  rope-feed,  also  a  combined  hand  and 
power-feed  planing  machine  with  superposed  tables,  all  by  Robinson 
and  Son. 

A  School  for  Motormen  has  been  established,  and  is  now 
situated  at  the  Sandy  Row  depot.  There  are  seven  depots  in  which 
to  store  the  300  cars,  situated  at  vai^ious  points  of  the  system. 

The  Chief  Engineer  is  Mr.  Albert  A.  Blackburn,  M.I.Mech.E., 
and  the  General  Manager  is  Mr.  Andrew  Nance. 


MUNICIPAL  TECHNICAL  INSTITUTE: 

MECHANICAL   ENGINEERING   LABORATORY, 

BELFAST. 

The  Mechanical  Engineering  Laboratory,  which  was  opened  in 
November  1911,  is  situated  on  the  ground  floor  of  the  Institute, 
and  is  114  feet  long  by  42  feet  wide.  It  is  divided  into  two  long 
bays  and  is  covered  with  a  glass  roof.  Two  hand  travelling- 
cranes  run  its  whole  length.  The  floor  is  double,  there  being 
a  clear  space  of  3  feet  between  the  levels,  which  permits  the 
placing   out  of  sight  of   all   apparatus    not    directly  needed.     The 
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shafting  is  also  placed  below  ground.  Trap-doors  afford  easy 
access  to  this  space.  The  laboratory  is  lighted  by  sixteen  200-c.p. 
di-awn-tungsten  lamps,  and  the  underfloor  by  incandescent  lamps. 

Boiler-House. — The  Lancashire  boiler,  28  feet  by  8  feet,  was 
manufactured  by  Messrs.  Joseph  Adamson  and  Co.,  Hyde,  and  in 
connection  with  it  is  installed  a  Sugden  superheater.  The  marine 
boiler,  11  feet  by  11  feet,  was  made  by  Messrs.  Workman,  Clark 
and  Co.,  Belfast.  Inside  the  steam-space  is  a  feed-water  heater  by 
Messrs.  Hamilton  and  MacMaster,  Belfast.  There  are  two  feed- 
pumps— one  by  Messrs.  G.  and  J.  Weir,  Glasgow,  and  the  other 
by  Messrs.  Pearn  and  Co.,  Manchester.  Space  is  left  in  the  boiler- 
house  for  a  tubular  boiler. 

Steam  Section. — The  main  steam-engine  is  of  the  horizontal 
cross-compound  type,  and  was  made  by  Messrs.  Combe,  Barbour 
and  Co.,  Belfast.  It  is  of  60  i.h.p.,  at  a  steam-pressure  of  120  lb. 
per  square  inch,  150°  F.  superheat,  and  100  revolutions  per  minute. 
It  was  designed  for  full  boiler-pressure  on  the  low-pressure 
cylinder.  The  high-pressure  rods  are  made  the  same  size  as  the 
low-pressure  for  the  sake  of  symmetry.  It  can  be  used  under 
any  of  the  following  conditions:  (1)  Compound  condensing;  (2) 
Compound  non-condensing ;  (3)  Single-cylinder  condensing  (using 
low-pressure  cylinder) ;  and  (4)  Single-cylinder  non-condensing 
(using  low-pressure  cyKnder).  The  engine  is  so  arranged  that  the 
cranks  can  be  set  at  any  desired  angle.  The  valves  are  aU  of  the 
drop-piston  type,  the  steam-valves  being  operated  by  a  new  form  of 
trip-gear. 

A  16-kw.  Parsons  turbo -alternator  and  exciter  are  installed. 
The  alternator  delivers  three-phase  current,  which  is  taken  to  the 
main  switchboard. 

A  high-speed  engine  of  25  b.h.p.,  at  750  revolutions  per  minute, 
by  Messrs.  W.  H.  Allen,  Son  and  Co.,  Bedford,  is  installed.  It  is 
of  the  enclosed  type,  having  foi'ced  lubi-ication,  and  drives  directly 
a  direct-current  generator  of  15  kw.  at  220  volts. 

A  De  Laval  steam-turbine,  by  Messrs.  Greenwood  and  Batley, 
Leeds,  of  15  h.p.  and  24,000  revolutions  per  minute,  drives  a 
centrifugal  pump  through  a  6  to  1  gearing.       The  pump  lifts  160 
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gallons  of  water  per  minute  against  a  head  of  160  feet.  The 
various  pressure-gauges  enable  an  experimenter  to  carry  out 
consumption  tests ;  the  nozzles  can  be  easily  withdrawn,  and  can 
be  tested  on  a  special  apparatus  of  the  Stodola  type  erected  on  the 
wall  of  the  laboratory. 

There  are  two  condensers:  (1)  a  surface  condenser  by  Messrs. 
Isaac  Storey  and  Sons,  Manchester,  and  (2)  an  ejector  condenser 
by  Messrs.  Ledward  and  Beckett,  London.  The  former  is  of  the 
contra-flow  type. 

Main  Switchboard. — A  Westinghouse  double-panel  marble 
switchboard  is  situated  within  6  feet  of  the  high-speed  engine  and 
turbo-sets.  This  controls  the  cui'rent  from  the  two  dynamos 
which  form  the  loads  for  the  high-speed  engine  and  turbine.  In 
order  that  students  should  learn  various  methods  of  testing,  an 
AUen  direct-current  generator,  running  at  750  revolutions  per 
minute,  is  attached  to  the  high-speed  engine,  and  a  Parsons 
alternator  to  the  turbine. 

Air-Comjjression  Plant. — The  primary  object  of  this  plant  is  to 
study  the  efficiency  of  an  ordinary  two-stage  air-compressor.  This 
was  made  by  Messrs.  Alley  and  MacLellan,  Glasgow,  and  is  of 
their  "  Sentinel "  tyj^e.  The  air-pressure  generated  is  from  60  lb. 
to  80  lb.  per  square  inch. 

Befrigerating  Plant. — This  consists  of  a  refrigerating  machine 
and  a  liquid-air  machine.  The  former  was  made  by  Messrs.  L. 
Sterne  and  Co.,  Glasgow,  and  is  employed  to  produce  smaU 
quantities  of  ice,  and  to  illustrate  the  method  of  cooling  by  means 
of  a  flow  of  brine. 

The  hquid-air  plant  was  manufactured  by  the  British  Oxygen  Co., 
London,  and  consists  of  a  Whitehead  air-compressor  belt-driven 
from  the  underground  shaft,  an  air-liquefier,  and  both  low-  and 
high-pressure  purifiers.  The  gas-compressor  is  capable  of  compressing 
about  550  cubic  feet  of  gas  per  hour  to  a  pressure  of  150 
atmospheres  or  more  when  running  at  400  revolutions  per  minute. 
Under  these  conditions  it  requires  from  6  to  7  h.p.  to  drive  it,  and 
produces  through  the  liquefier  1^  litres  of  air  per  hour. 

Hydraulic  Section. — Various  heads  of  water  up  to  280  feet  are 
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obtained  from  a  motor-driven  high-lift  turbo-pump,  made  by 
Messrs.  Mather  and  Piatt,  Salford.  It  is  used  for  pump-testing 
purposes,  and  supplying  pressure-water  to  any  one  of  three 
experimental  turbines.  It  is  of  the  three-stage  type,  and  is 
capable  of  delivering  400  gallons  of  water  per  minute  at  a  head  of 
200  feet.  The  pump  is  driven  direct  by  a  direct-current  electric 
motor  of  40  h. p.,  440  volts,  and  77  amperes. 

The  cast-iron  channel,  which  receives  the  discharge  water  of 
the  turbines,  is  of  internal  cross-section  2  feet  6  inches  by  2  feet, 
and  has  an  over-all  length  of  about  30  feet.  The  tumbling  bay  may 
be  fixed  in  three  difi"erent  positions  corresponding  to  those  required 
for  discharging  into  either  end  of  the  large  measuring  tank  or  into 
both  ends  at  the  same  time,  A  Yenturi  meter  is  used  for 
measuring  the  quantity  of  water  flowing  from  the  high-lift  turbo- 
pump.  Pitot  tubes  are  inserted  in  the  pipe  between  the  pump  and 
the  Venturi  tube. 

Turbines.— A  Pelton  wheel,  made  by  Mr.  Percy  Pitman, 
London,  develops  5  h.p.  with  a  faU  of  75  feet,  when  making 
400  revolutions.  The  Girard  turbine  was  made  by  Messrs.  Gilbert 
Gilkes  and  Co.,  Kendal,  and  has  a  wheel  of  21  inches  diameter ; 
it  develops  6  h.p.  on  a  75-foot  head  when  making  550  revolutions 
per  minute.  The  Thomson  turbine,  also  by  Messrs.  Gilkes  and  Co., 
gives  about  4  h.p.,  with  a  fall  of  75  feet. 

Testing   of    Materials   Section.— All    tension,    compression,   and 
cross-breaking  testing  is  carried    out  on  a  Riehle  automatic  and 
autographic  machine,  which  is  capable  of  giving  a  maximum  load 
of    150,000   lb.     For   experiments   on   heat   treatment   of  various 
steels,   a   gas-furnace   by   Mr.    S.    N.   Brayshaw,    Manchester,  has 
been  installed,  and   for  carrying  out  tension  tests  on  cement  an 
Adie  machine  is  placed  in  this  section.     Tests  on  the  fatigue  of 
metals  are  made  on  a  machine  which  was  designed  by  Professor 
Smith  and  constructed  by  Messrs.  Combe,  Barbour  and  Co.,  Belfast. 
Internal-Combustion   Section.— The   plant  includes  a  gas-engine, 
a  suction-gas  plant,  an  oil-engine,  and  a  petrol- engine.     The  gas- 
engine  is  by  the  National  Gas-Engine  Co.,  and  is  of  20  i.h.p.  when 
working  on  ordinary  town  gas.     The  suction-gas  plant  was  made 
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by  the  same  company.     The  oil-engine  is  of  the  Blackstone  type, 
and  is  of  12  i.h.p.,  and  the  petrol-engine  is  of  about  4  h.p. 

Machine  Shoj). — This  is  equipped  with  modern  high-grade  tools 
and  machines,  and  is  situated  on  the  ground  floor.  Manual 
training  metal-work  classes  are  held  in  this  shop,  in  connection 
with  the  Trade  Preparatory  Section  of  the  Institute,  and  special 
classes  are  held  in  screw-cutting  and  milling  for  advanced  students. 
Courses  in  the  Department. — These  comprise  (a)  Day  Technical 
Course ;  (&)  Day  Apprentices'  Course  ;  and  (c)  Evening  Course. 

In  the  Day  Technical  Course  the  instruction  given  is  of 
University  standard,  and  the  programme  extends  over  three 
years.  The  hours  of  instruction  are  thirty  per  week,  and  the 
duration  of  the  session  is  about  forty  weeks. 

The  Day  Apprentices'  Course  is  intended  for  engineer  apprentices 
and  apprentice  draughtsmen  who  are  nominated  by  their  employers. 
Students  attend  six  hours  on  Mondays  throughout  the  session. 

In  the  Evening  Course  there  are  three  sections :  Preparatory, 
Introductory,  and  Mechanical  Engineering  course  proper. 

The  Head  of  the  Mechanical  Engineering  Department  is 
Professor  J.  H.  Smith,  D.Sc. 


THE   BELFAST   ROPEWORK  CO., 
CONNSWATER,  BELFAST. 

These  works  were  established  in  1876,  being  situated  in  close 
proximity  to  the  shipbuilding  yards  and  on  the  banks  of  the  River 
Connswater,  and  at  the  present  time  the  premises  cover  an  area 
of  about  35  acres. 

The  raw  material  used  here  comes  from  Russia,  Italy,  India, 
the  Philippine  Islands,  and  New  Zealand.  After  being  sorted, 
the  manila  fibres  are  taken  to  the  hackling  room,  where  the 
process  is  similar   to    that  employed   in    the    preparation   of    flax. 
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Hand  roughing  and  machine  hacMing  are  both  used.  After 
hackling,  the  hemp  is  taken  to  the  drawing  and  roving  frames, 
where  it  undergoes  a  slight  twisting,  and  the  bobbins  of  roving 
are  taken  to  the  spinning  machinery. 

Both  the  wet  and  dry  spinning  processes  are  used,  the  foi-mer 
pi-incipall}^  for  fine  yarns.  The  yarn  then  undergoes  tarring,  and 
when  thoroughly  dried  is  taken  to  the  rope-walk  to  be  twisted 
into  strands,  which  are  fastened  to  the  hooks  of  machines  called 
*'  travellers."  These  recede  on  tram  lines  from  a  stationary  "  fore- 
turn  "  or  twisting  head.  Cords  made  from  harsh  or  extra  fibrous 
material  have  to  undergo  a  scouring  process  prior  to  being  sized 
and  polished.  The  machines  take  from  twenty  to  thirty  separate 
twines  at  a  time,  which  have  been  twisted  upon  bobbins,  and  are 
placed  in  front  of  the  machine.  After  passing  through  the 
sizing  troughs,  the  cords  pass  between  two  rollers  by  which  the 
superfluous  sizing  is  squeezed  out.  Thence  they  go  over  a  large 
steam-heated  cylinder,  whereby  a  gloss  is  imparted  to  them,  and 
they  are  then  made  up  into  balls.  Thousands  of  diflferent  sizes 
and  desci'iptions  of  ropes,  lines,  and  twines  are  made,  including 
binder-twine  for  harvesting  purposes,  fishing  lines,  plough  lines, 
sash  cords,  etc. 

The  number  of  workpeople  employed  amounts  to  about  3,500. 


BROOKFIELD   LINEN   CO., 
CRUMLIN   EOAD,   BELFAST. 

The  Spinning  Mill  of  this  company  is  situated  in  Crumlin 
Road,  and  contains  24,000  spindles,  preparing  machinery,  etc.,  for 
flax  and  tow  spinning. 

The  Brookfield  Factory  in  Cambrai  Street  and  the  Agnes  Street 
Factory  contain  1,400  looms,  with  the  necessary  preparing  machinery 
for  weaving  linen,  union,  and  cotton  goods. 

The  company  also  owns  extensive  bleaching  and  dye  works. 

The  total  number  of  workpeople  employed  is  about  2,400. 
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MESSRS.   CANTRELL    AND    COCHRANE, 
AERATED   AND    MINERAL  WATER    MANUFACTORY, 

BELFAST. 

The  works  of  this  firm  are  situated  in  Victoria  Square,  and  were 
established  by  Dr.  Cantrell  in  1852  in  Bank  Lane,  Belfast.  In  1868 
he  was  joined  in  Dublin  by  Alderman  Sir  Henry  Cochrane,  Bart., 
where  a  manufactory — the  Nassau  Works — was  established.  The 
firm  at  the  present  time  has  also  depots  in  London  and  Glasgow. 

The  works  in  Victoria  Square  stand  on  what  used  to  be  the 
site  of  the  Town  Hall,  and  portions  of  this  building  now  serve  as 
counting-house  and  stores.  A  well  was  sunk  at  a  cost  of  £2,000, 
and  a  plentiful  supply  of  water  from  the  Cromac  spring  was 
obtained  at  a  depth  of  116  feet.  Latterly  a  second  well  has  been 
sunk  to  a  depth  of  400  feet  through  red  freestone.  The  supply  is 
practically  unlimited,  about  18,000  gallons  a  day  being  pumped 
into  an  enormous  slate  cistern  at  the  top  of  the  premises.  Before 
reaching  this  tank — though  the  strata  through  which  it  passes 
form  an  admirable  filter — the  water  undergoes  a  final  process  of 
purification  by  being  passed  through  a  bed  of  sand  and  charcoal. 

The  charging  of  Cromac  waters  with  gas  generated  from  the 
action  of  sulphuric  acid  upon  carbonates  is  the  first  stage  after  the 
pure  water  has  been  stored  in  the  slate  tank,  which  is  covered  with 
a  glass  lid.  The  gas  is  repeatedly  washed,  and  is  stored  in  gas- 
holders, whence  it  is  drawn  as  required,  a  pressure  of  about  150  lb. 
per  square  inch  being  used  to  impregnate  the  water.  The  syrups 
for  the  various  products  are  prepared  in  slate,  porcelain,  or  glass 
vessels,  in  order  to  prevent  the  formation  of  injui'ious  chemical 
deposits. 

The  bottling-room  contains  a  number  of  continuous  double-action 
soda-water  machines,  driven  by  overhead  belting.  Connected  with 
them  is  a  slate  cistern  and  iced  water,  and  everything  is  so  arranged 
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that  the  processes  of  gas  generation,  charging,  and  bottling  are 
continuous.  To  this  room  the  bottles  are  conveyed  down  an 
inclined  plane  from  the  room  in  which  they  have  been  previously 
cleansed. 

There  are  two  systems  of  bottling — by  hand  and  by  machine. 
In  the  hand  method  the  bottler  sits  in  front  of  a  machine;  the 
bottle  is  placed  beneath  the  mouth  of  the  feeding-tube  ;  the  cork  is 
inserted  and,  by  means  of  a  descending  rod,  is  pressed  nearly  home  ; 
and  the  requisite  quantity  of  syrup  is  forced  into  the  bottle  by  the 
aerated  water.  The  atmospheric  air  is  next  exhausted,  the  bottle 
quite  filled,  the  cork  driven  home  and  wired  or  crown  corked. 

In  another  part  of  the  factory  the  bottling  is  effected  by  means 
of  automatic  rotary  bottling-machines.  The  machine  is  fed  by  one 
man  with  bottles  and  corks,  the  air  being  exhausted  from  the 
bottles  as  the  apparatus  revolves.  During  the  revolution  the 
bottles  are  syruped,  filled  with  aerated  water,  corked,  and 
delivered  upon  an  endless  band,  whence  boys  pick  them  off  and 
wire  them.  By  the  hand  method  one  man  generally  bottled  twenty 
dozen  per  hour,  but  by  machine  six  times  that  number  can  be 
accomplished.  In  full-working  summer  days  about  60,000  bottles 
are  turned  out  per  day.  For  sending  abroad  the  bottles  are  doubly 
wired,  wrapped  in  paper,  and  packed  in  barrels  of  straw.  Amongst 
the  various  mineral  and  aerated  waters  produced  at  the  Belfast 
and  Dublin  factories  are  soda,  lithia,  seltzer,  and  potass  waters, 
ginger  ale,  lemonade,  sparkling  Montserrat  lime-juice,  etc.  The 
number  of  men  and  boys  employed  in  Belfast  and  at  their  Dublin 
factory  is  500. 


MESSRS.  DUNVILLE  AND  CO., 
ROYAL  IRISH  DISTILLERIES,  BELFAST. 

Although  this  business  dates  back  to  1808,  the  present  distillery 
was  not  erected  till  1869,  at  which  time  the  site  it  occupies  as  weU 
as  the  surrounding  district  were  green  fields,  and  the  part  now 
covered  by  the  bonded  warehouses  was  a  sheet  of  water,  in  some 
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parts    15    feet   deep.      The    distillery   comprises   several   blocks   of 
buildings,  built  principally  of  perforated  brick. 

Facing  the  entrance  are  four  Lancashire  steam-boilers,  each 
30  feet  long  by  7h  feet  diameter,  the  flues  being  fitted  with 
Galloway  tubes.  They  supply  steam  to  the  engines  and  for  the 
various  requirements  of  the  distUlery,  including  the  heating  of  the 
water  used  for  the  mashing.  In  the  main  flue  is  placed  one  of 
Green's  economizers  through  which  the  feed-water  is  supplied  to 
the  boUers  at  a  temperature  ranging  from  250°  to  315°  F.  The 
higher  heat  is  obtained  in  the  earlier  part  of  the  week,  when  the 
economizer  has  the  benefit  of  the  waste  heat  from  the  pot-stills  as 
well  as  from  the  boilers. 

Behind  the  boiler-house  are  the  engine-house  and  grinding  mill. 
A  vertical  engine  of  marine  type  of  350  i.h.p.,  made  by  Messrs. 
Victor  Coates  and  Co.,  supplies  the  principal  motive  power.  There 
is  also  a  horizontal  engine  in  connection  with  the  still-house,  as 
well  as  several  combined  engines  and  pumps  for  feeding  the  boilers 
and  for  pumping  the  spent  wash  in  the  feeding-stuflfs  department. 
The  grinding  mill  contains  five  pairs  of  millstones,  each  4^  feet 
diameter,  driven  at  a  speed  of  140  revolutions  per  minute,  and 
kept  running  day  and  night  in  order  to  supply  the  quantity  of 
grist  required  for  mashing.  From  the  mill  the  grist  is  conveyed 
by  an  elevator  and  screw  to  the  grist  room. 

On  the  left  of  the  entrance  is  a  huge  grain  silo  which  was 
erected  a  few  years  ago.  This  building  consists  of  fifty-four  bins 
with  a  storage  capacity  of  6,000  tons  of  grain.  The  grain  is  first 
of  all  discharged  into  two  large  hoppers,  one  at  each  end  of  the 
building,  from  which  by  means  of  band-conveyers  it  passes  to  large 
elevators  travelling  at  a  very  high  speed  and  which  are  capable  of 
lifting  30  cwt.  per  minute  to  the  top  of  the  building,  which  is  about 
100  feet  high.  The  barley  is  then  screened,  being  afterwards 
distributed  by  means  of  electrically- driven  bands  to  the  pneumatic 
maltings,  mill  and  kilns  for  germination,  grinding  and  drying,  etc. 

The  barley,  after  being  thoroughly  screened,  is  steeped  for 
the  usual  length  of  time  in  conical  steeping-tanks,  of  which  there 
are  six  fixed  above  ten  germinating  drums.     One  tank  can  be  made 
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to  serve  two  or  three  drums.  From  the  steeping-tanks  the  wet 
barley  is  run  into  the  drums,  and  germination  then  takes  place. 
To  maintain  a  suitable  temperature  during  germination  a  current 
of  air  is  drawn  through  each  drum.  This  air  is  cooled,  moistened, 
and  purified  in  an  outside  brick  chamber  before  it  reaches  the 
growing  malt,  and  after  passing  through  the  drum  is  discharged 
outside  the  building.  The  amount  of  air  passing  through  the 
grain  is  regulated  and  controlled  by  a  valve  fixed  at  the  outlet  end 
of  each  drum.  To  turn  the  grain,  the  drums  are  revolved  as  often 
as  the  maltster  may  consider  necessary. 

The  germinating  process  being  completed,  withering  of  the 
green  malt  takes  place  in  the  same  cylinder,  and  is  carried  out  on 
exactly  the  same  principle  as  on  the  old  floor  system.  When  the 
operation  is  complete,  the  malt  is  discharged  from  the  germinating 
drums  to  a  band-conveyer  and  carried  to  an  elevator,  which 
discharges  the  grain  into  other  drums  where  the  drying  and  curing 
operations  are  conducted.  It  might  be  mentioned  that  under  this 
system  the  grain  is  not  damaged,  as  under  the  old  floor  system  by 
the  shovel  or  boots  of  the  workmen. 

The  drying  plant  consists  of  four  drums  placed  in  two  rows,  one 
set  above  the  other,  the  two  upper  drums  for  drying  the  malt  and 
the  two  lower  ones  for  curing  it.  Green  malt  from  the  germinating 
drums  is  filled  into  the  drying  drums  by  means  of  a  band-conveyer 
and  elevator,  and  hot  gases  are  drawn  through  the  malt  from  a 
small  furnace  by  means  of  an  exhaust-fan.  The  drying  drums  are 
kept  revolving  till  the  malt  is  in  a  fit  condition  to  be  dropped  into  one 
of  the  curing  drums.  In  the  curing  drum  the  temperature  of  the 
malt  is  allowed  to  rise  steadily,  and  the  finishing-ofl'  temperature 
has  to  be  maintained  for  some  hours.  The  fuel  generally  used  in 
the  drying  process  is  anthracite  malting  coal.  The  maltings  are 
driven  by  a  Tangye  gas-engine  of  80  h.p.  worked  from  producer-gas. 

Beside  the  maltings  there  is  a  large  bonded  warehouse  fitted 
with  an  electricaUy-driven  hoist.  Beyond  this  building  is  the  old 
malt-house,  four  stoi^eys  high,  the  roof  of  which  is  a  wrought-iron 
tank  about  112  feet  long  by  8.5  feet  wide.  This  tank  has  a  capacity 
of  over  a  quarter  of  a  miUion  gallons,  and  the  main  object  of  its 
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erection  was  to  ensure  a  good  supply  of  water  in  case  of  fire.  Next 
to  this  building  is  the  mash-house,  containing  three  mash-tuns,  of 
which  the  largest  is  29  feet  diameter  by  8  feet  deep,  having  a 
capacity  of  over  30,000  gallons.  Grist  is  passed  into  the  various 
mash-tuns  through  Steel's  mashers.  All  the  pumping  in  this 
house  is  done  by  a  rotary  pump,  driven  at  500  revolutions,  which 
raises  1,400  gallons  per  minute  to  a  height  of  50  feet.  The 
cooling  of  the  wort  is  eflfected  by  four  large  refrigerators.  Close 
by  is  the  tun  room,  containing  sixteen  fermenting  wash-backs 
ranging  in  size  from  27,000  to  35,000  gallons. 

The  still-house,  situated  to  the  right  of  the  main  entrance  and 
near  the  engine-  and  boiler-house,  is  in  communication  with  the 
mash-house.  Here  there  are  three  pot-stills,  holding  together 
about  30,000  gallons,  made  by  Miller  of  Glasgow,  with  the  necessary 
adjuncts  of  wash-chargers  and  receivers  for  the  low  wines,  feints, 
and  whisky ;  also  the  glass  safes  through  which  the  various 
distillates  pass.  From  the  still-house  the  finished  whisky  is  run 
into  vats  in  the  adjoining  spirit  store,  where  the  final  operation  of 
filling  into  the  sherry  and  other  casks  takes  place. 

The  various  stages  in  the  manufacture  of  DunvUle's  whisky, 
briefly  stated,  are  as  follows : — 

(1)  The  barley  is  thoroughly  cleansed  by  fanning. 

(2)  The  barley  is  put  into  huge  drums,  heated  to  a  temperature 
of  about  100^  F.  to  dry. 

(3)  The  barley  is  then  thoroughly  soaked  or  steeped  in  immense 
vessels,  the  water  being  changed  once  or  twice. 

(4)  The  soft  and  swollen  grain  is  then  carried  by  pneumatic 
force  to  huge  drums,  where  the  process  of  germination  or  sprouting 
takes  place.  Germination  converts  the  starch  of  the  grain  into 
sugar.     This  sugar  nourishes  the  sprout  or  rootlet. 

(5)  Just  when  the  sugar  is  most  abundant  in  the  sprouting 
barley  the  mass  is  transferred  to  drying  chambers,  where  applied 
heat  arrests  the  germination  and  clears  the  grain  of  its  moisture. 
The  grain  at  this  stage  is  called  "  malt." 

(6)  The  matured  malt  is  passed  to  a  mill,  where  it  is  crushed, 
forming  a  "  grist." 
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(7)  The  grist  is  then  mixed  with  warm  water  in  a  cylindrical 
vessel  known  as  a  "  masher."  The  water  extracts  the  saccharine 
matter  contained  in  the  grist  or  malt. 

(8)  The  grist  and  water  are  conducted  to  a  "  mash-tun,"  a 
cylindrical  vessel  having  a  false  perforated  bottom,  and  fitted  with 
revolving  arms  which  mash  the  grist  still  further. 

(9)  The  saccharified  Kquor  is  then  drawn  ofi",  and  is  known  as 
"  worts."  The  residue — a  moist  meal — is  used  as  a  cattle  or  hog 
food,  and  is  a  valuable  by-product  of  the  business  of  distilling. 

(10)  The  wort  is  run  ofi"  from  the  mash-tun  through  the 
perforated  false  bottom  into  what  is  known  as  the  "  underback." 
After  being  cooled  it  is  passed  into  the  fermenting  vessels  ;  yeast 
is  added,  and  the  process  of  fermentation  begins.  The  fermentable 
sugar  by  the  infiuence  of  yeast  is  converted  into  alcohol  and 
carbonic-acid  gas.  The  fermented  wort,  known  as  "wash,"  is  a 
fluid  containing  varying  proportions  of  alcohol,  unfermentable 
grain  extract  and  water,  and  the  object  of  distillation  is  to  isolate 
the  spirit  as  efiectuaUy  as  possible.  This  is  done  by  distillation ; 
that  is,  by  converting  the  volatile  constituents  of  the  wash  into 
vapour.  The  boiling-point  of  wash  depends  on  the  proportion 
of  spirit  which  it  contains.     Alcohol  boils  at  173°  F. 

(11)  The  wash  is  then  passed  into  Still  No.  1  to  be  boiled 
or  vaporized.  The  alcoholic  vapour  is  condensed  by  cooling,  and 
passes  into  a  vessel  known  as  a  "  receiver,"  and  becomes  known  as 
*'  low  wines." 

(12)  The  low  wines  are  then  passed  into  StiU  No.  2  and 
vaporized,  and  condensed  and  carried  into  another  receiver. 
This  second  condensation  of  the  alcohol  is  known  as  "  feints." 

(13)  The  feints  are  passed  into  Still  No.  3  to  be  vaporized 
and  condensed.     This  third  distillation  produces  whisky. 

The  principal  warehouses  for  storing  and  maturing  the  whisky 
are  situated  about  a  mile  from  the  distillery,  in  Adelaide  and 
Alfred  Streets ;  and  there  are  also  three  warehouses  adjoining  the 
distillery,  which  hold  about  10,000  butts.  The  total  floor  space 
of  the  warehouses  is  over  260,000  square  feet,  or  nearly  6  acres. 
Between  the  distilleries  and  the  warehouses  a  government  stafi"  of 
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two  supervisors  and  twenty  officers  are  constantly  employed.  About 
40,000  gallons  of  whisky  can  be  produced  weekly,  and  a  very  large 
sum  is  paid  annually  in  excise  duty.  A  large  proportion  of  the 
trade  is  done  under  bond  ;  that  is,  the  whisky  is  sent — without 
duty  being  paid  in  Belfast — to  the  various  Crown  warehouses  all 
over  the  kingdom,  where  the  excise  duty  is  ultimately  paid. 


MESSRS.   GUNNING   AND    CAMPBELLS, 
FLAX   SPINNING   MILL,  BELFAST. 

This  is  an  old-established  flax  spinning  mill,  containing  about 
16,600  spindles,  and  is  situated  at  North  Howard  Street,  Falls 
Road.  It  is  driven  by  a  set  of  triple-expansion  engines,  made 
by  Messrs.  WUlans  and  Robinson,  indicating  about  400  h.p.  and 
working  with  steam  at  200  lb.  pressure  per  square  inch  suppHed 
by  Lancashire  boilers.  The  latter  were  specially  constructed  from 
the  designs  of  Mr.  A.  Basil  Wilson.  The  number  of  workpeople 
employed  is  500.  , 


MESSRS.   HARLAND  AND  WOLFF, 

QUEEN'S   ISLAND  SHIPBUILDING   WORKS, 

BELFAST. 

These  works  were  started  by  Mr,  (afterwards  Sir)  Edward  J. 
Harland  in  1859,  and  their  area  was  about  3J  acres.  To-day  they 
spread  over  more  than  80  acres.  In  1859  they  employed  44  men, 
and  now  they  find  work  for  16,000.  Shortly  after  starting, 
Mr.  Harland  was  joined  by  Mr.  G.  W.  Wolff,  and  these  two  worked 
together    alone    until    1874,    when    Mr.    W.    J.    Pirxie   and    Mr. 
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Walter  H,  Wilson  were  taken  into  partnership.  In  1895  Sir 
Edward  Harland  died,  and  in  1904  Mr.  Walter  H.  Wilson  also 
died,  Mr.  Wolff  retired  a  few  years  ago,  and  Lord  Pirrie,  as  he 
became  in  1906,  now  alone  remains  of  those  above-named,  and  he 
is  chairman  of  the  company. 

In  addition  to  the  woi'ks  in  Belfast,  they  have  works  at 
Southampton,  where  2,500  men  are  employed ;  they  have  recently 
acquired  works  at  Govan,  Glasgow,  for  shipbuilding  and  engineering, 
and  are  erecting  works  at  Liverpool. 

The  first  S.S.  "  Oceanic,"  the  pioneer  of  the  White  Star  Line, 
built  in  1870,  was  the  first  vessel  constructed  with  saloon  and 
cabins  amidships.  This  vessel,  and  the  "  Britannic "  and 
"  Germanic " — built  for  the  same  line — ran  for  over  a  quarter 
of  a  century  with  phenomenal  success.  The  most  notable 
productions  during  recent  years  are  the  following  ships  : — 

White  Star  Lzne.—"  Oceanic,"  "Celtic,"  "  Cedric,"  "Baltic," 
"Adriatic,"  and  "  Olympic"  (45,300  tons). 

Hamburg-American  Line. — "  Amerika  "  (22,724  tons),  "  President 
Lincoln,"  and  "  President  Grant." 

Holland-America  Line. — "  Nieuw  Amsterdam,"  and  "  Rotterdam  " 
(23,980  tons). 

Bed  Star  ijwe.—"  Lapland  "  (about  18,500  tons). 
Boyal  Mail  Steam  Packet  Co. — "  Aragon,"  "  Amazon,"  "  Avon," 
"  Asturias,"  and  «  Arlanza  "  (15,000  tons). 

The  work  at  present  on  hand  includes  large  steamers  for  the 
White  Star  Line,  Royal  Mail  Steam  Packet  Co.,  ^ibby  Line, 
Holland-America  Line,  Elder  Dempster  and  Co.,  African  Co., 
British  and  African  Steam  Navigation  Co.,  and  George  Thompson 
and  Co.,  Ltd. 

The  latest  vessel  built  by  them  for  the  Royal  Navy  is  the 
Admiralty  yacht  "  Enchantress,"  and  they  have  recently  constructed 
the  machinery  for  some  of  the  largest  vessels  in  the  British  Navy, 
including  the  first-class  battleships  "  Hannibal,"  "  Queen,"  "  King 
Edward  VII,"  and  "  Hibernia,"  the  first-class  cruiser  "  Minotaur," 
27,000  i.h.p.,  and  H.M.S.  "  Neptune,"  25,000  s.h.p. 
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The  fii'm  has  large  facilities  and  experience  in  extensive  repair 
and  reconstruction  work,  having  performed  many  difficult  feats  in 
connection  with  such  work ;  for  instance,  the  reconstruction  of  the 
"  Philadelphia  "  (ex  "  Paris  "),  also  the  "  China,"  after  these  vessels 
had  been  on  the  rocks ;  the  cutting  in  halves  and  lengthening 
large  steamers,  such  as  the  "Scot"  and  "Auguste  Victoria";  the 
construction  at  BeKast  of  a  new  fore  part  for  the  S.S.  "  Suevic " 
and  joining  together  the  two  portions  of  the  vessel  in  dry  dock  at 
Southampton.  The  capacity  for  production  is  about  100,000  tons 
and  100,000  i.h.p.  per  annum.  There  are  eight  slips  for  large 
ships. 

The  highest  tonnage  output  was  as  f  oUows  : — 


Year. 

No.  of 
Steamers. 

Tonnage. 

I.H.P. 

1903 
1910 
1911 

8 
8 

10 

110,463 

115,861 
118,209 

100,400 

100,130 

96,91« 

One  of  the  latest  developments  within  the  works  has  been  the 
complete  electrification  of  the  plant,  the  electric  generating  station 
being  one  of  the  largest  private  stations  in  the  British  Isles.  Recently, 
alterations  have  been  carried  out'at  the  north  end  of  the  Yard,  the 
large  building  slips  being  greatly  extended  so  as  to  facilitate  the 
construction  of  the  largest  vessels,  approaching  1,000  feet  in  length, 
and  a  massive  structure  has  been  erected  over  the  slips  with  electric 
cranes,  etc.,  for  handhng  weights  at  any  part  of  the  building  berths 
during  the  construction  of  the  vessels.  They  have  also  a  200-ton 
revolving  floating  crane  for  putting  engines,  boilers,  etc.,  on  board 
vessels. 

The  works  are  well  situated,  being  built  on  what  is  called 
Queen's  Island,  on  one  side  of  them  being  the  Victoria  Channel, 
and  on  the  other  the  Musgrave  Channel.  Both  of  these  unite  in 
the  New  Channel,  which  has  direct  access  to  Belfast  Lough,  and 
thence  to  the  sea. 
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The  work  of  the  oJSices  is  divided  into  five  main  departments, 
which  have  their  sub-divisions,  each  sub-division  having  its  own 
room.  The  office  staff  numbers  between  400  and  500.  For 
practical  purposes  the  works  may  be  considered  as  being  divided 
into  two  sepai'ate  parts — shipbuilding  and  engineering. 

Joiners^  Shop. — This  shop  is  divided  into  two  bays  with  a 
gallery.  On  the  ground  floor  the  tools  comprise  saws,  planers, 
drills,  moulding  machines,  etc.,  and  the  gallery  contains  similar 
tools.  AU  sorts  of  wood  constructional  work  in  connection  with 
shipbuilding  is  carried  out  in  this  department,  including  doors, 
partitions,  etc. 

Beam  Shop. — Adjoining  the  mast  shed  is  the  beam  shop,  where 
beams,  rails,  plates,  angles,  cement,  etc.,  are  stored. 

Mould  Loft. — This  loft,  situated  above  the  plumbers'  shop,  has 
a  splendid  floor  where  the  lines  of  the  vessels  are  laid  out. 

Plumbers'  Shop. — The  machinery  here  is  all  electrically  driven, 
and  comprises  cold  saws,  punching,  shearing,  screwing,  drilling, 
and  bending  machines,  lathes,  and  jib-cranes.  Narrow-gauge  lines 
run  in  different  directions  in  the  shop. 

Platers'  Sheds. — There  are  several  of  these  sheds,  well  equipped 
with  the  usual  tools,  among  which  may  be  noticed  an  angle-bending 
machine  by  Hugh  Smith  and  Co.,  Glasgow,  a  large  hydraulic 
shearing  machine  by  J.  Cameron,  Manchester,  and  a  right-angled 
plate-planing  machine  by  Hetheringtons,  of  Manchester.  The 
North  Platers'  Shop  is  intended  to  supply  material  for  the  vessels 
which  are  built  on  slips  1,  2,  and  3.  The  West  Platers'  Shed  is 
intended  to  provide  for  the  wants  of  slips  5  to  7,  and  belongs  to 
the  older  part  of  the  establishment. 

Gantries. — -The  gantries  connected  with  the  No,  1  slip  run 
on  twelve  wheels  on  each  side,  there  being  a  double  line  of  rails, 
6 J  inches  wide,  placed  at  100  feet  centres  on  each  side  of  the  slip. 

The  latest  gantry  was  constructed  by  Sir  WiUiam  Arrol  and 
Co.,  the  electric  crane  equipment  having  been  supplied  by  Stothert 
and  Pitt,  Bath.  The  area  covered  exceeds  840  feet  long  by  270  feet 
wide,  and  the  diameter  of  the  circle  covered  by  the  largest  crane  is 
270  feet,  while  the  highest  point  from  ground  level  is  228  feet. 
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Three  long  lines  of  ttill  steel  lattice-towers  run  pai'allel  to  one 
another  at  a  distance  of  over  120  feet  betw^een  the  lines. 
Each  line  consists  of  eleven  towers  placed  at  80-foot  centres. 
Along  the  road  of  the  centre  line  of  towers  runs  a  Titan  crane, 
which  has  a  reach  of  135  feet,  and  can  deal  with  a  3-ton  load  at 
this  radius.  Ships  practically  1,000  feet  long  can  therefore  be 
dealt  with. 

Turning  Shop. — Various  tools  by  Shanks,  Hulse  and  Co.  and 
other  well-known  makers  are  installed  in  this  shop.  In  this  bay 
there  are  two  overhead  electric  travelling-cranes  each  capable  of 
lifting  20  tons. 

Engine  Erecting-Slwp. — In  this  bay  there  is  one  pit  for  erecting 
engines.  The  majority  of  the  tools  here  are  for  dealing  with  hea\y 
work.  There  are  four  overhead  electric  travelling-cranes  of  various 
powers,  the  largest  being  capable  of  lifting  40  tons. 

Engine  Fitting -Sliop. — The  tools  in  this  shop  are  not  quite  so 
heavy  as  in  the  previous  shop.  The  tool  equipment  comprises 
milling-machines,  planers,  drills,  etc.  White-metal  bearings  for 
large  engines  are  prepared  in  this  department.  The  white  metal 
after  being  run  is  carefully  consolidated  by  being  hammered  all 
over  with  a  round-ended  hammer  before  being  bored.  The 
hydrauhc  testing  of  valves  and  small  cylinders  is  also  carried  out 
here.  The  shop  is  served  by  two  overhead  electric  travelling-cranes, 
each  capable  of  lifting  10  tons. 

New  Erecting-Shop.— This  bay  is  725  feet  6  inches  between  centres 
of  end  columns  and  80  feet  between  faces  of  columns.  The  roof  is 
entirely  covered  with  glass.  A  special  erecting  bed  has  been  made 
for  erecting  the  heaviest  class  of  reciprocating  engines.  Turbine 
machinery  is  also  assembled  in  this  bay.  At  the  east  end  are  large 
tools  by  Shanks  and  Co.,  for  dealing  with  the  heaviest  class  of 
work.  There  are  also  two  vertical  cylinder  boring-machines.  This 
bay  is  served  by  three  overhead  electi'ic  travelling-cranes,  two 
capable  of  lifting  80  tons  each  and  one  capable  of  Kfting  20  tons, 
the  20-ton  crane  running  in  gantry  at  lower  level  than  the  80-ton 
cranes. 

Brass- Finishing  Shop. — Here  every  kind  of  brass  article  required 
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in  shipbuilding  and  engine  work  is  machined  and  finished,  all  the 
tools  being  driven  by  belts.     The  main  shafting  is  electrically  driven. 

Smiths'  Shop  and  Forge. — This  is  divided  into  two  bays.  There 
are  altogether  sixty  smiths'  fires.  The  blast  is  provided  by  three 
blowers  driven  by  electric  motors.  At  the  south  end  are  two  forge 
furnaces ;  the  largest  hammer  is  30  cwt.  All  hammers  are  driven 
by  pneumatic  pressure. 

Pattern  Shop  and  Store. — This  building  stands  apart.  The 
shop  is  equipped  with  circular-saws,  planers,  band-saws,  emery- 
wheels,  lathes,  universal  pattern- making  machines,  etc.  Suction 
arrangements  are  provided  for  withdrawing  the  sawdust  from  the 
machines. 

Iron  Foundry. — This  is  divided  into  six  bays,  and  is  served  by 
six  cupolas  having  a  large  capacity.  Pig-iron,  scrap,  and  flux  are 
taken  up  to  the  charging  platform  by  overhead  electric  travelling- 
cranes  ;  four  of  the  cupolas  are  arranged  in  a  group,  so  that  they 
can  all  be  charged  from  the  same  platform ;  two  cupolas  are 
grouped  together  and  served  from  a  separate  platform. 

Fettling  Shop. — Pneumatic  tools  are  largely  used  in  this  shop, 
and  a  number  of  Tabor  moulding-machines  of  various  sizes  are 
in  use. 

Brass  Foundry. — *'  Brass "  in  this  case  includes  not  only  brass, 
but  all  sorts  of  bronzes,  gun-metals,  white  metal  for  bearings,  etc. 
Propeller-blades  and  other  heavy  articles  are  cast  here.  For 
melting  the  various  metals  there  are  pot  and  reverberatory 
furnaces.  Two  tilting  furnaces  are  placed  at  one  end  of  the  building ; 
Tabor  moulding-machines  are  largely  used. 

Boiler  Shop, — A  great  variety  of  work  is  carried  out  here  in 
addition  to  actual  boiler-making,  such  as  the  construction  of 
funnels  for  vessels,  which  now  attain  enormous  dimensions.  On 
entering  the  shop  one  notices  a  right-angled  plate-edge  planing- 
machine  by  Hetherington  and  Co.,  which  will  take  plates  up  to 
36  feet  long.  Two  20-h.p.  440- volt  Yickers  motors  are  geared  to 
this  machine.  There  are  also  a  large  vertical  boring  and  surfacing 
machine  by  Embleton  and  Co.,  and  two  tube-plate  cutting-machines. 
Of  the   hydraulic  machines  there  are  four  riveting-machines  and 
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two  flanging-machines.  Another  large  tool  is  an  upright  hydraulic 
plate-bending  machine,  which  will  take  in  plates  up  to  12  feet  wide. 
Other  tools  in  this  shop  are  radial  drills,  punching  and  shearing 
machines,  straightening  rolls,  etc.  This  shop  is  served  by  overhead 
electric  travelling-cranes  of  various  powers,  the  two  largest  being 
capable  of  lifting  50  tons  each. 

Spar-Snaking  Shed. — The  raw  timber  is  adzed,  and  then  smoothed 
and  polished.  Although  steel  masts  and  spars  are  being  increasingly 
used,  there  is  stiU  some  demand  for  wood  in  this  direction.  In  a 
loft  above  this  department  the  sails  and  awnings  are  made,  and  on 
the  same  level  is  the  upholstering  department,  which  is  of  a  most 
extensive  character. 

Timber  Sheds. — The  sheds  for  the  drying  of  timber,  of  which 
the  value  of  the  stock  is  about  .£250,000,  cover  an  area  of  about 
80,000  square  feet,  and  the  sides  are  open.  Befoi'e  being  stored 
the  logs  are  sawn  up  into  approximately  the  sizes  required  later, 
and  are  then  stacked  horizontally  with  wedges  between  each  board 
or  plank. 

Central  Power- Station. — This  contains  a  well-arranged  plant, 
and,  if  necessary,  it  can  supply  current  to  light  continuously 
133,000  incandescent  lamps  (8  c.p.)  taking  30  watts  each.  The 
whole  of  the  building  and  plant  was  designed  and  installed  by  the 
firm's  own  engineers.  A  dual  plant  has  been  installed ;  both 
alternating  and  direct-current  machineiy  to  generate  electricity 
at  about  450  volts  has  been  laid  down.  The  building  is  415  feet 
long  by  68  feet  wide,  and  there  is  an  annexe  containing  some 
electrically- driven  hydraulic  and  air-compressing  macliinery. 

The  main  boiler  equipment  consists  of  five  single-ended  marine 
boilers,  manufactured  by  the  fii-m,  besides  two  Babcock  and  Wilcox 
and  one  Yarrow  marine-type  water-tube  boiler,  having  a  total 
heatin<?  surface  of  18,781  square  feet.  One  of  these  boilers  is 
heated  by  the  gases  produced  from  the  burning  in  a  Meldrum 
furnace  of  the  refuse  collected  in  the  works,  which  sometimes 
amounts  to  35  tons  per  day.  The  water  for  the  boilers  is  passed 
through  a  Paterson  feed-water  purifier. 

The  engine-house  is  171-6  feet  long  by  64  feet  wide.     There  are 
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four  main  generating  sets,  each  being  driven  by  a  four-cylinder 
twin  tandem  triple-expansion  horizontal  engine  of  the  drop-valve 
type,  made  by  Sulzer  and  Co.,  Winterthur.  Each  engine  has  two 
cranks  driving  on  to  one  crankshaft.  The  generators  were  made 
at  Frankfort  by  the  Lahmeyer  Co.  The  sets  3  and  4  are  identical 
and  differ  from  Nos.  2  and  5  in  the  fact  that  two  generators,  one  direct- 
current  and  one  three-phase,  are  carried  on  the  shaft  driven  by 
the  engine.  The  other  equipment  of  the  engine-house  is  very 
complete.  Set  No.  6  consists  of  a  three-cylinder  vertical  compound 
engine,  coupled  direct  on  the  same  bed-plate  to  a  350  kw.  three- 
phase  alternator.  No.  1  set  consists  of  a  compound  three-cylinder 
vertical  enclosed  engine  driving  a  60  kw.  balancer,  to  which  a  150  kw. 
440  Y.C.C.  generator  is  also  coupled.  For  the  field  excitation 
of  the  large  generators,  etc.,  two  60  kw.  enclosed  sets  are  run  in 
parallel  with  the  battery  ;  these  high-speed  sets  were  manufactured 
by  W.  H.  Allen,  Son  and  Co.,  Bedford.  Arranged  under  the 
switchboard  gallery  opposite  to  the  entrance  are  battery  boosters, 
motor  generators,  balancers,  etc.,  and  running  along  the  engine- 
house  is  a  1 5-ton  electric  travelling-crane. 

Next  to  the  boiler-house  is  a  battery  room,  containing  an 
accumulator  with  a  capacity  of  1,000  ampere-hours.  Above  this 
are  placed  some  oil-tanks  and  two  water-reservoir  tanks,  capable 
of  holding  35,000  gallons,  whilst  adjacent  thereto  are  an  electrical 
test-house,  stores,  and  a  workshop. 

The  hydraulic  machinery  consists  of  four  electrical- driven  pumps 
capable  of  giving  an  aggregate  of  500  gallons  per  minute  at  800  lb. 
per  square  inch,  and  260  gallons  at  1,500  lb.  per  square  inch. 

The  air-compressors,  also  electrical-driven  plant,  consist  of  three 
sets  capable  of  jointly  giving  5,500  cubic  feet  of  air  at  100  lb.  per 
square  inch. 

Alexandra  Dock  WorJcs. — These  are  largely  devoted  to  rough 
wood-working,  and  to  the  storage  of  baulk  timber,  iron,  oil,  etc. 
There  is  also  an  oil-fuel  storage-tank  with  pump,  the  former  being 
isolated  and  surrounded  by  water.  In  another  building  may  be 
seen  samples  of  various  styles  of  decorations  for  saloons,  state 
rooms,  and  cabins. 
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MESSRS.   INGLIS   AND  CO., 

BREAD  AND  CAKE  MANUFACTURERS, 

BELFAST. 

This  company  was  founded  by  Mr.  James  Inglis,  "who  went  to 
Belfast  in  1871,  at  the  time  when  the  transition  from  bread  being 
baked  in  the  home  to  that  produced  in  factories  was  taking  place. 
Within  a  short  period  the  public  demand  had  increased  to  such  an 
extent  that  more  commodious  premises  had  to  be  secured.  In  1882 
the  present  site  was  chosen  of  one  of  the  largest  single  bakeries  in 
the  world.  Centrally  sittiated,  convenient  to  the  port  and  principal 
railways,  the  factory  is  bounded  by  Eliza,  McAuley,  Stewart,  and 
Welch  Streets,  covering  an  area  of  two  acres,  on  which  have  been 
ari'anged  a  series  of  substantial  stores  and  bakehouses,  specially 
designed  and  constructed  for  the  production  of  bread  under  the 
most  hygienic,  scientific,  and  economic  conditions. 

The  bakehouses  contain  over  60  great  ovens  and  three  automatic 
baking  plants,  and  when  taxed  to  their  utmost  capacity  are  capable 
of  producing,  during  one  shift  of  eight  hours,  40,000  loaves  weighing 
40  tons,  so  that  within  a  single  day  120  tons  of  loaves  can  be  baked 
and  distributed  throughout  Ulster.  Six  motor  vans  and  220  horses 
are  employed  in  this  distribution. 

The  power  and  light  required  to  serve  the  stores  and  bakehouses 
are  obtained  from  a  double  set  of  Diesel  oil-engines,  by  means  of 
which  electricity  is  generated  and  conveyed  throughout  the 
factory. 

The  Inglis  Employees'  Benefit  Trust  was  formed  in  1910,  and 
is  administered  by  a  council  composed  of  three  nominees  of  the 
directors  of  the  company  and  three  nominees  of  the  employees. 
The  amount  to  the  credit  of  the  fund  is  over  £3,000,  and  the 
interest  on  this,  togefther  with  allocations  received  from  the 
company,  is  utilized  to  help  employees  or  their  families  in  time  of 
sickness  and  trouble. 

The  number  of  employees  is  about  500. 
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MESSRS.   WORKMAN,   CLARK  AND  CO., 
SHIPBUILDING  AND  ENGINEERING  WORKS. 


The  original  works  of  this  firm,  which  was  founded  in  1880, 
covered  only  about  4  acres  of  land  on  the  north  side  of  the  River 
Lagan,  to  the  west  of  Belfast  Harbour.  Progress  was  rapid  and 
continuous,  new  berths  being  added  and  new  shops  built  and 
equipped,  until  in  1891  the  shipbuilding  yard  covered  an  area  of 
about  15  acres.  In  1905  and  1911  further  extensions  were  made 
to  the  machinery  department,  and  now  the  total  area  covered  is 
829,724  square  feet,  of  which  220,000  square  feet  is  roofed  in.  In 
1910  additions  were  made  to  the  North  shipyard,  12^  acres  being 
added,  bringing  the  total  area  of  the  firm's  works  to  82^  acres, 
while  the  number  of  berths  is  now  twelve,  capable  of  taking  the 
largest  ships  that  are  likely  to  be  built  for  some  years. 

The  result  of  this  development  in  the  works  is  shown  in  the 
following  statistics : — 

Output  in  Quinquennial  Periods. 


Number  of  Ships 
Launched. 

Five  Years' 

Total 

Tonnage. 

Average  per 
Year. 

Five  Years' 

Total- 
Indicated 
Horse-Power. 

Average  per 
Year, 
Indicated 
Horse- 
Power. 

1880-84  inclusive 

1885-89 

1890-94 

1895-99 

1900-04 

1905-09 

1910  (one  year) 

1911  „ 

27,762 

38,883 

124,145 

191,710 

270,525 

326,168 

49,993 

66,399 

Tons. 
5,552 

7,777 
24,829 
38,342 
54,105 
65,234 

34,910* 

120,120 

172,550 

254,350 

36,300 

51,800 

11,636 
24,024 
34,510 
50,870 

1,095,585 

— 

670,030 

— 

*  Three  years. 
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The  work  done  has  included  nearly  every  type  of  merchant  ship, 
from  the  high-speed  liner  to  the  tramp  steamer.  The  more 
important  lines  which  have  had  large  additions  to  their  fleets  from 
the  works  are  the  Royal  Mail  Steam  Packet  Co.,  the  Allan  Line, 
the  Peninsular  and  Oriental  Line,  Alfred  Holt  and  Co.'s  Blue 
Funnel  Line,  Messrs.  Lamport  and  Holt,  the  Ellerman  Lines,  the 
British  India  Co.,  the  Harrison  Line,  the  Tyser  Line,  and  the 
Cunard  Co.  Perhaps  the  most  notable  steamer  built  was 
the  Allan  Line  turbine-steamer  "  Victorian,"  which  was  the  first 
Atlantic  liner  to  be  fitted  with  the  Parsons  turbine.  Reference 
should  also  be  made  to  the  large  refrigerated  meat-carrying  ships 
built.  One  of  the  latest,  the  "  Muritai,"  completed  last  year  for  the 
Tyser  Line,  had  a  capacity  of  292,000  cubic  feet  in  refrigerated 
rooms  for  carrying  meat  from  South  America  to  this  country. 

The  South  Yard. 

The  South  Yard,  situated  opposite  the  North  Yard,  was  acquired 
by  the  firm  in  1894,  and  largely  rearranged;  like  the  North  Yard, 
it  is  complete  within  itself.  There  are  five  berths.  These  take 
ships  ranging  in  length  from  523  feet  to  417  feet,  and  in  beam 
from  61  feet  to  53  feet.  The  ground  was  made  up  of  dredgings 
from  the  river  at  an  early  stage  in  the  development  of  the  harbour, 
and  consequently  very  heavy  piling  had  to  be  done,  not  only  in  the 
berths,  but  for  the  columns  of  the  roofs  and  bed-plates  of  the  large 
machine-tools.  Good  foundations  were  obtained  generally  at 
40  feet,  and  the  piles  were  driven  in  lengths  and  scarfed  at  the 
junctions. 

Engineering  Works. 

The  Engineering  Works  of  the  Company  are  situated  at  Queen's 
Road,  opposite  to  the  South  Yard.  As  in  the  case  of  the  shipbuilding 
works,  there  have  been  considerable  extensions  in  recent  years. 
The  works  had  originally  been  laid  out  so  that  the  various 
workshops  could  be  extended  in  an  easterly  direction  without  any 
further  interference  with  the  general  convenience  of  the  plan,  from 
the    standpoint  of   economic    handling  of    heavy  loads    and    the 
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sequence  of  operations.  The  Boiler-Making  Department,  consisting 
of  six  bays,  is  situated  on  the  left  side  of  the  main  entrance,  where 
are  located  the  administration  offices,  drawing  office,  and  other 
departments  associated  with  the  administration  and  the  inspection 
and  other  work,  while  to  the  rear  of  them  is  the  power-station 
for  the  Engine  Works  and  the  South  Yard.  The  Engineering 
Department  is  under  separate  organization,  and  therefore  the  offices 
are  extensive,  there  being  a  separate  drawing-office  of  56,300  square 
feet,  well  lighted  from  the  roof,  while  the  chief  draughtsman 
has  a  separate  office  adjoining,  and  the  Estimating  Department 
contiguous  to  it. 

Poioer-Station. — This  is  situated  to  the  rear  of  the  main  offices, 
and  has  a  total  capacity  of  1,500  kw.  Steam  is  generated  in  two 
boilers  of  the  marine  cylindrical  type;  one  of  them  is  15  feet 
6  inches  in  diameter  and  10  feet  6  inches  long,  and  the  other 
14  feet  6  inches  in  diameter  and  11  feet  long,  each  with  three 
furnaces.  The  boilers  work  under  natural  draught.  There  are 
two  electric  generating  sets,  one  driven  by  a  triple-expansion 
engine  running  at  95  revolutions,  and  developing  1,000  i.h.p.,  and 
this  is  coupled  direct  to  a  direct-current  600-kw.  generator.  The 
exhaust  from  this  engine  is  passed  to  a  Brush-Parsons  turbine, 
working  with  an  initial  pressure  of  about  20  lb.  absolute,  and 
having  four  stages  for  expansion,  the  rotor  being  14  feet  6  inches 
long  and  of  7  feet  6  inches  diameter.  This  turbine  is  coupled 
direct  to  a  generator  of  600-kw.  capacity  when  running  at  2,000 
revolutions  per  minute.  Electricity  is  distributed  by  conductors  of 
the  armoured-cable  type,  carried  overhead  on  timber  columns.  The 
motors  range  in  power  from  75  h.p.  down  to  10  h.p.,  excepting  the 
motors  driving  air-compressors  and  hydraulic-pumps  in  the  power- 
station. 

Pneumatic  power  is  extensively  applied  throughout  the  works, 
and  air-compressing  plant  is  installed  in  a  building  to  the  rear  of 
the  Boiler  Shop.  The  air-compressors  are  of  the  two-stage  type, 
driven  by  100-h.p.  electric  motors  at  250  revolutions  per  minute, 
the  output  of  the  compressors  being  500  cubic  feet  of  free  air  per 
minute  at  100  lb.  per  square  inch. 
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There  is  one  set  of  hydraulic  pumps  in  the  engineering 
department,  actuated  by  a  60-h.p.  electric-motor;  the  plungers — 
three  in  number — being  4  inches  in  diameter.  The  pressure  is 
1,000  lb.,  and  the  power  is  used  in  flanging,  riveting,  and  other 
machines,  in  hydraulic  jib-cranes,  and  in  the  testing  of  boilers. 
The  accumulator  has  a  load  of  55  tons.  As  in  the  case  of  several 
of  the  hydraulic  tools  in  the  shipj'ard  already  described,  Messrs. 
Hugh  Smith  and  Co.'s  principle  of  economising  power-water  is 
utilized. 

Engine  Department. — The  main  engine  department  includes  five 
bays,  three  of  these  being  240  feet  long,  and  respectively  55  feet, 
60  feet,  and  50  feet  spans.  The  two  others,  of  30  feet  spans,  were 
originally  of  the  same  length,  but  last  year  they  were  increased  to 
400  feet.  No.  1  bay  fonns  the  Erecting  Shop  ;  No.  2  bay  is  utilized 
for  the  erection  of  reciprocating  engines ;  and  No.  3  bay  is  a 
Machine  Shop.  The  practice  in  the  Erecting  Shops  is  to  build  the 
engines  on  the  floor  in  Nos.  1  and  2  bays,  the  height  of  the  crane 
track  being  45  feet.  The  engines  when  completed  are  placed  on 
trucks  and  passed  to  the  ships  over  standard-gauge  railway  track, 
leaving  the  works  through  the  doors  in  Queen's  Road.  In  the 
Turbine  Shop  the  most  notable  tool  is  a  lathe  for  turning  the  rotors 
of  turbines,  and  a  boring-mill  for  the  casings.  In  No.  2  bay  there 
are  several  important  tools.  The  largest  of  the  wall  planers  has  a 
vertical  travel  of  17  feet  6  inches,  and  planes  a  side  surface  of 
21  feet,  the  table  being  10  feet  wide.  The  largest  of  the  boring- 
mills  for  the  vertical  cylinders  of  marine  engines  takes  jobs  12  feet 
high,  the  centres  betw^een  the  columns  being  12  feet.  The  third 
bay  is  utilized  for  marking  off,  building  up  crankshafts,  reamering 
out  the  couplings,  drawing  on  the  propeller  shaft  liners  and  fitting 
the  propellers  together. 

Boiler  Shop. — This  shop  is  well  equipped  and  contains  six  bays. 
No.  1  bay,  of  30  feet  span,  is  taken  up  partly  by  the  marking-ofi" 
tables,  and  the  construction  of  uptakes  and  light  work  generally. 
No.  2  bay,  of  50  feet  span,  served  by  a  25-ton  overhead-traveller,  is 
devoted  to  the  making  of  combustion-chambers  and  the  drilling  and 
riveting  of   boiler-plates.     No.    3    bay  is   largely  utilized   for   the 
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assembly  and  riveting  of  boiler-shells.  In  bay  No.  4,  the  drilling, 
tapping,  and  staying  of  the  boilers  and  the  construction  of 
combustion-chambers  are  undertaken,  as  weUas  funnel-construction. 
The  plates  are  marked  off  and  flanging  work  done  in  No.  5  bay,  and 
in  No.  6  bay  there  is  the  smiths'  shop,  where  light  angle-iron  work 
is  done.  The  boiler-tool  store  is  situated  adjacent  to  this  shop.  As 
to  the  boiler-making  machinery,  mention  may  be  made  of  the 
boiler-shell  driUing-machine,  a  four-headed  drill,  having  a  bed 
34  feet  long.  This  machine  takes  in  the  largest  boilers,  and  di'ills 
four  strakes  simultaneously,  the  motive  power  being  a  35-h.p. 
electric  machine.  A  notable  tool  is  a  double-column  horizontal 
drilling,  tapping,  and  staying-machine,  of  Messrs.  Campbells  and 
Hunter,  Ltd.  The  machine  drills  and  taps  stay-holes  2  inches  in 
diameter  in  the  backs  of  marine  boilers  through  both  shell  and 
combustion-chamber  plates,  and  screws  the  stays  in  position.  The 
machine  is  driven  by  a  15-h.p.  motor  at  700  revolutions  per  minute. 
The  flanging-machine  has  been  supplied  by  Messrs.  Hugh  Smith 
and  Co.,  Possil  Park,  Glasgow.  It  is  used  for  flanging  combustion- 
chamber  plates,  one  ram  being  used  for  holding  down  the  work  and 
the  other  for  flanging  the  plate.  Man-holes  and  furnace-mouths 
are  also  done  on  this  machine. 

In  the  Engineering  Works  there  are  various  miscellaneous 
shops,  some  of  them  with  notable  equipment.  In  the  Pattern 
Shop,  which  is  180  feet  in  length  by  50  feet  span,  there  is  a  good 
collection  of  machines,  including  lathes,  circular  and  band-saws,  and 
planing-machines,  all  of  them  belt-driven  from  a  line-shaft,  which 
is  rotated  at  750  revolutions  per  minute  by  a  20-horse-power  motor. 
The  Blacksmiths'  Department  is  accommodated  in  a  separate 
building,  180  feet  in  length,  with  two  spans,  one  of  50  feet  and  the 
other  of  25  feet  3  inches.  There  are  thirty-two  fires  arranged  as 
shown  on  the  plan.  These  are  of  the  open-hearth  type,  the  blast 
being  provided  by  a  Sturtevant  blower.  The  steam-hammers 
range  from  20  cwt.  down  to  5  cwt.,  and  thei'e  is  in  addition  a 
15-cwt.  air-hammer. 

Centrally  situated  between  the  Engineering  Boiler-Shops  is  a 
general  store,  70  feet  in  length  by  39  feet  6  inches  in  width ;  but 
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independently  there  are  at  the  end  of  the  Smithy  separate  stores 
for  wrought-iron  bars,  used  for  making  gratings,  a  fire-clay  and 
brick  stores,  and  a  separate  room  for  cast  steel  and  for  making 
tools.  The  Plumbers'  Shop  is  located  at  the  eastern  end  of  the 
site,  and  amongst  other  tools  in  it  there  is  a  6-inch  and  3-inch 
screwing-machine  driven  from  a  line-shaft  by  a  5-horse-power 
motor  at  1,100  revolutions. 


The  North  Yard. 

This  yard,  the  one  in  which  shipbuilding  was  first  commenced 
by  the  firm,  has  seven  shipbuilding  berths.  Two  of  these  were  built 
in  1910,  when  12^  acres  were  added  to  the  area  of  the  works,  in 
order  to  arrange  for  berths  to  take  ships  of  1,000  feet  in  length. 
At  present,  however,  the  largest  ship  building  is  560  feet  long  by 
68  feet  beam,  for  the  Alfred  Holt  Line,  the  tonnage  being  14,200 
tons  gross  register. 

Platers'  Sheds. — These  cover  an  area  of  65,780  square  feet,  and 
are  contiguous  to  berths  1  to  4.  The  largest  plates  hitherto  dealt 
with  have  been  34  feet  8  inches  long  by  6  feet  6  inches  wide  and 
l^  inch  in  thickness,  but  the  tools  are  capable  of  dealing  with 
still  larger  plates.  Of  the  three  platers'  sheds,  the  principal  one  is 
located  between  berths  3  and  4.  The  plate  furnaces  are  56  feet  long 
and  7  feet  6  inches  wide ;  they  have  six  fire-boxes  with  double  flues, 
and  are  coal-fired.  The  slabs  on  which  the  plates  are  worked  to 
the  required  form  are  25  feet  long  by  19  feet  wide.  The  plate 
"  mangles  "  are  by  Messrs.  Craig  and  Donald.  The  bending  rolls 
are  fitted  with  two  15-h.p.  series- wound  motors,  one  at  each  end, 
with  tramway  controller  for  lowering  and  lifting  the  rolls,  through 
belting,  while  the  roUs  are  run  by  a  100-h.p.  motor.  There  is  a 
complete  installation  of  punching  and  shearing  machines,  capable  of 
punching  1^-inch  holes  through  1^-inch  plates,  the  shears  taking 
the  same  thickness  of  plates.  The  plate-edge  planers  take  in  plates 
35  feet  in  length  by  6  feet  in  width,  the  two  sides  being,  of  course, 
cut  simultaneously.  The  other  appliances  are  in  accordance  with 
the  latest  practice.     In  the  shops  there  is  a  series  of  jib-cranes  to 
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lift  5  tons,  with  sufficient  radius  to  enable  plates  to  be  passed  from 
one  machine  to  the  other  without  being  handled  by  manual  labour. 

Frame  and  Beam  Shoj). — This  is  in  two  bays,  one  of  which  is 
564  feet  in  length  and  the  other  380  feet  in  length,  the  span  of  the 
Belfast-roof  construction,  in  both  cases,  being  80  feet.  At  the 
further  end  of  this  bay  there  are  two  double-ended  fi-amed 
reverberatory  furnaces  80  feet  long  by  7  feet  6  inches  broad,  having 
six  fire-boxes  with  double  flue.  Thus  the  bottom  and  side  frames 
of  two  vessels  can  proceed  simultaneously.  The  slabs  at  each 
end  of  the  furnaces  are  61  feet  by  38  feet.  The  largest  angles 
hithei-to  worked  are  6  inches  by  6  inches  by  ^f  inch  thick,  and  the 
largest  channels  12  inches.  The  winches  work  through  block  and 
tackle.  The  firm  were  the  first  users  of  hydraulic  frame-bending 
machines,  the  machine  being  the  invention  of  Mr.  Wm.  Campbell, 
who  was  shipyard  manager  from  the  start  of  the  firm  until  he 
retired  five  years  ago.  Contiguous  to  the  bending-slabs  are  the 
scrieve-boards,  which  have  an  area  the  one  of  72  feet  by  80  feet 
and  the  other  80  feet  by  80  feet.  In  this  shop  are  four-sided  punch 
and  shearing-machines,  specially  arranged  to  punch  1^-inch  holes  at 
two  ends,  6-inch  limber  holes  at  a  third  side,  shearing  at  the  fourth 
side ;  also  the  largest  size  of  Lambie  type  of  hydrauUc  combined 
manhole  punch  and  joggling  machine,  capable  of  joggling  12-inch 
channels  and  bulb-angles,  besides  hydraulic  channel-cutting 
machines,  hydraulic  beam-bender  and  two  large  angle  -  cutting 
machines  of  Pels'  type.  A  feature  of  the  hydraulic  machines  in 
the  yard  is  the  adoption  of  Messrs.  Hugh  Smith  and  Co.'s  system 
of  power-water  economiser,  notably  in  the  joggling-machines,  the 
cutters  for  12-inch  channels  and  the  beam-benders.  It  is  claimed 
that  this  system  saves  about  60  per  cent,  of  the  hydraulic  power- 
water  because  the  high-pressure  water  is  not  used  until  it  is  actually 
required.  The  frames  and  beams  when  formed  to  the  desired 
curvature  are  taken  out  to  the  frame  skids. 

Joiners'  Shoj). — This  is  arranged  alongside  the  Milewater  Wharf, 
and  is  a  two-storey  building,  each  floor  having  an  area  of  21,600 
square  feet.  The  lower  floor  is  arranged  for  the  machine-tools 
driven    from   overhead   shafting    actuated    by   an    electric    motor, 
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There  is  a  complete  variety  of  wood- working  tools.  On  the  upper 
floor  are  108  benches.  The  store  of  timber  in  sheds  arranged  where 
convenient  throughout  the  works  is  valued  at  £100,000. 

Smithy. — This  forms  part  of  the  building  in  which  the  heavy 
platers'  machine-tools  are  situated,  although  divided  from  it  by 
partitions.  There  are  here  a  12^-cwt.,  two  10-cwt.,  one  7-cwt.,  two 
5-cwt.,  and  a  2^-cwt.  steam-hammer,  along  with  a  Massey  hammer, 
principally  used  for  drawing  out  packing-pieces  for  the  shell- 
plating.  There  are  38  fires,  and  the  production  averages  about 
7  tons  per  week.  Much  of  this  smiths'  work  is  passed  to  the 
mechanics'  shop,  where  all  the  ship-work  is  machined,  including 
valves,  lifting-gear  for  skylights,  cargo-blocks,  and  steering-gear, 
while  at  the  same  time  extensive  repair  work  is  undertaken,  and 
the  flat  keel- plates  of  ships  are  planed. 

Shipbuilding  Berths. — There  are  seven  shipbuilding  berths,  and 
thjese  are  so  disposed  that  two  of  them  may  accommodate  any  ship 
of  the  maximum  length  probable  for  many  years.  With  one 
exception  these  berths  take  ships  ranging  in  length  from  500  feet 
upwards.  On  each  side  of  each  berth  there  are  arranged  electric 
derrick-cranes,  of  4  tons  lifting  power,  controlled  from  the  bottom, 
so  that  the  fitters  can  themselves  work  the  cranes.  The  derricks 
are  150  feet  high,  and  the  jibs  have  an  overreach  of  50  feet.  On 
each  of  the  new  berths,  however,  there  are  now  being  constructed 
three  travelling  cantilever  cranes,  of  8  tons  lifting  power,  by  Sir 
William  Arrol  and  Co.,  Ltd.,  Glasgow.  The  motions  of  hoisting, 
slewing,  traversing,  and  travelling  are  operated  by  independent 
motors,  with  continuous  current  of  230  voltage.  The  tower  is 
square  in  section,  and  built  up  of  rolled  steel  angles  and  plates. 

Launching  Mechanism. — The  launching  weight  of  the  heaviest 
ship  so  far  set  afloat  has  been  8,050  tons,  and  the  firm,  as  a  rule, 
use  in  such  case  ways  3  feet  9  inches  in  width.  The  angle  at  which 
the  berths  are  arranged  gives  adequate  launching  ground  in  the 
River  Lagan.  Recently  the  firm  have  had  constructed  a  special 
launching  gear,  by  Sir  William  Arrol  and  Co.,  Ltd.  The  gear  is  of 
the  type  in  which  a  heavy  tumbler-pawl,  held  in  check  by  an 
hydi'axilic  piston,  is  fixed  in  each  of  the  ways  and  is  used  to  hold 
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the  vessel  in  check  ready  for  the  launch.  At  the  required  instant 
the  pressure  behind  the  hydraulic  piston  is  relieved  and  the 
tumbler-pawl  falls  over,  leaving  the  vessel  free  to  slide  down  the 
ways. 

The  ships  built  at  the  Korth  Yard  are,  for  the  most  part, 
completed  at  the  Milewater  "Wharf,  where  there  is  a  5-ton  steam- 
crane  with  a  radius  of  50  feet,  the  jib  having  an  80-foot  lift. 
Where  heavier  loads  have  to  be  put  on  board,  the  ship  is  removed 
to  the  wharf  contiguous  to  the  Engine  Works,  where  there  is  a 
100-ton  crane.  At  the  present  time  there  is  being  constructed  by 
the  Belfast  Harbour  Commissioners  a  dolphin  between  Nos.  5  and  6 
berths,  and  here  vessels  up  to  1,000  feet  long  can  be  accommodated, 
while  alongside  the  eastern  boundary,  and  therefore  adjacent  to 
the  extension  works,  berthage  can,  if  necessary,  be  constructed. 

Power  Installation. — The  power-station,  situated  alongside  the 
Milewater  Wharf,  contains  two  generating  sets.  There  is  a  triple- 
expansion  Bellis  and  Morcom  engine,  to  each  end  of  which  is 
direct-coupled  a  continuous-current  generator  of  300  kw.  capacity. 
This  engine  exhausts  to  a  Brush-Parsons  low-pressure  turbine 
which  drives  a  generator  of  600  kw.  capacity.  A  third  engine,  for 
night  duty,  is  by  Messrs.  Victor  Coates  and  Co.,  Belfast,  and  drives 
a  generator  of  150  kw.  capacity.  Compressed  air  is  used  throughout 
the  works,  and  there  ai^e  three  compressor  sets  in  the  power-station 
producing  air  of  100-lb.  pressure.  The  hydraulic  power  installation 
is  of  interest  by  reason  of  the  somewhat  unusual  arrangement  of 
the  accumulators,  which  are  three  in  number.  The  pumps  are 
electrically-driven,  and  there  are  three  sets  with  plungers  2|-  inches, 
3^  inches,  and  4  inches  in  diameter  respectively.  These  are  driven 
through  belting  and  work  at  a  pressure  of  1,350  lb. 

[This  Notice  was  prepared  at  the  request  of  the  Firm,  from  the 
illustrated  Article  in  "Engineering,"  I9th  July  1912,  hy permission  of 
the  Editors^] 
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YORK   STREET   FLAX   SPINNING   CO.,   BELFAST. 

These  mills,  situated  in  almost  the  centre  of  the  city,  were 
founded  in  1830  by  the  late  Mr.  Andrew  Mulholland,  and  the 
Miilholland  family,  whose  head  is  Lord  Dunleath,  have  retained 
an  interest  in  the  business  since  it  was  transformed,  in  1864, 
into  the  company  with  its  present  name.  In  addition  to  the 
buildings  in  York  Street,  another  large  mill  for  spinning  flax  yarns 
and  sewing  threads  has  been  purchased  in  a  neighbouring  district 
of  the  town,  and  the  company  are  thus  able  to  carry  on  all  the 
manufacturing  operations  required  for  converting  the  raw  flax  into 
finished  linen. 

The  works  occupy  an  area  of  786  feet  length  by  221  feet  width, 
or  about  4  acres.  The  central  part  of  the  west  end,  a  fire-proof 
building  of  eight  storeys,  occupies  a  space  of  124  feet  length  by 
50  feet  width.  In  it  are  stored  flax,  tow,  dressed  line,  brown 
cloth,  etc. 

Flax  is  the  product  chiefly  of  four  countries — Ireland,  Belgium, 
Holland  and  Russia.  It  has  very  diflferent  characteristics,  according 
to  the  locality  from  which  it  comes.  Before  the  flax  reaches  the 
spinner  it  has  undergone  a  preliminary  process  known  as  "  retting," 
which  consists  of  steeping  in  water  the  bundles  of  flax  that  have 
been  pulled  out  of  the  ground.  The  object  of  the  retting  is  to 
decompose  by  fermentation  the  gum  which  holds  the  straw  and 
fibre  together.  After  the  retting  has  been  carried  far  enough  the 
flax  is  dried  and  taken  to  the  Scutch  MiU,  where  it  is  roughly 
cleaned  to  free  the  fibre  as  much  as  possible  from  the  straw.  After 
this  process  it  passes  into  the  hands  of  the  spinner,  and  it  is,  after 
being  thus  retted  and  scutched,  that  the  flax  is  seen  in  the  Flax 
Store. 

The  south  wing  has  five  storeys,  and  contains  hydrauKc  presses, 
crane  pumps,  and  gas-engine  to  drive  them.  The  north  wing, 
229  feet  by  46  feet,  has  six  storeys,  and  forms  the  Preparing  Mill, 
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In  this  department  are  various  machines  working  in  sets  of  four 
or  five.  The  fir^t  machine  of  the  series  is  called  the  "  Spread 
Board,"  and  here  the  flax  is  laid  in  wisps  on  travelling  bands  in 
long  continuous  lines,  and  is  then  passed  through  sets  of  rollers 
which  draw  one  fibre  away  from  the  other,  and  produce  a  thick 
ribbon  containing  millions  of  separate  fibres.  As  these  ribbons 
emerge  from  one  machine  they  ai^e  passed  to  another,  and  at  each 
step  they  are  drawn  out  longer  and  thinner,  until  in  the  last  of 
the  series,  called  the  "  Roving  Frame,"  the  fibre  is  twisted  into 
a  loose,  thick  thread,  and  then  wound  on  large  wooden  bobbins. 

The  next  stage  is  the  spinning.  Before  it  reaches  the  spindles,  of 
which  there  are  63,000  in  the  Company's  two  mills,  the  thread  passes 
through  a  trough  of  hot  water.  The  twist  or  "  spin  "  converts  the 
fibres  into  solid  round  threads,  which  are  known  as  "  yarn."  It  is 
now,  so  far  as  processes  of  manufacture  are  concerned,  practically  a 
finished  article  of  commerce,  except  for  some  minor  processes 
of  drying  and  winding.  Before  it  reaches  the  loom  it  has 
frequently  to  undergo  considerable  changes,  the  principal  of  which 
are  "  boiling  "  and  "  bleaching."  Boiling  reduces  the  bulk  of  the 
yarn,  and  enables  it  to  be  woven  into  a  tight  and  firm  cloth. 
Yarns  which  are  bleached  are  mostly  such  as  are  intended  for 
glass  cloths,  towels,  etc. 

At  the  south-east  corner  of  the  block  is  a  five-storey  building, 
in  which  the  first  floor  is  used  for  weaving,  the  second  for  pirn 
winding,  the  third  for  yarn  dressing  and  beaming,  the  fourth  for 
hank  winding,  and  the  fifth  floor  for  dressing.  The  weaving  sheds 
contain  about  1 ,000  looms  for  plain  and  damask  linens.  Bleaching, 
dyeing,  and  finishing  of  linens  and  yarns  are  carried  on  at 
Muckamore,  about  20  miles  from  Belfast. 

The  steam  plant  consists  of  eight  Lancashire  boilers  and  three 
beam-engines  with  Corliss  valves.  One  engine,  with  35-inch 
cylinder  and  5  feet  stroke,  making  45  revolutions  a  minute,  di-ives 
the  Preparing  MiU.  The  two  others,  with  35-inch  cylinders  and 
7  feet  stroke,  making  32  revolutions  a  minute,  drive  the  Spinning 
Mill.  For  driving  the  Weaving  Factory  and  heavj"  finishing 
machinery  there  are  four    Lancashire  boilers  supplying  steam  to 
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two  beam-engines,  with  .38-inch  cylinders  and  7  feet  stroke,  which 
have  wrought-iron  beams  and  Corliss  valves,  and  make  twenty-nine 
revolutions  per  minute.  They  drive  two  main  shafts  direct  from 
the  fly-wheel. 

The  manufactures  include  fronting  linens  of  diflferent  qualities, 
interlinings,  printed  linen  shirtings,  dress  linens  and  lawns,  etc., 
towels,  hoUands,  handkerchiefs,  sheetings,  damasks,  etc.,  and 
various  goods  for  the  West  Indies  and  Spanish  colonies,  such  as 
creas,  platillas,  bretanas,  silesias,  irlandas,  etc.  Besides  4,500 
regular  workpeople  employed,  large  numbers  are  also  engaged 
in  the  country  in  embroidery  and  fancy  work,  and  also  on  the 
bleach-green. 


GIANT'S   CAUSEWAY   ELECTRIC   TRAMWAY, 
PORTRUSH. 

This  tramway  is  the  prem^ier  electric  tramway.  It  was  opened 
in  1883,  introducing  for  the  first  time  electricity  as  the  traction 
power — at  least  in  a  practical  form  beyond  short  experimental 
lines — and  w^orking  it  as  a  hydro-electric  tramway  by  water-power 
on  the  River  Bush.  It  has  also  many  other  unique  features ;  it 
was  the  first  tramway  or  light  railway  constructed  along  the  side 
of  the  public  roadway  and  upon  a  pathway,  specially  constructed, 
raised  above  the  surface  of  the  roadway.  It  was  first  constructed 
with  a  side  electric  conductor-rail — third-rail  system — using  only  a 
current  of  250  volts ;  but  in  1 898  it  was  altered  into  the  ovei'head 
trolley  system,  using  a  current  of  550  volts.  The  Managing 
Director  and  Engineer  is  Mr.  William  A.  Ti'aiU,  M.A.Ing.,  who 
was  the  constructor  of  the  entire  tramway  and  works.  The 
late  Sir  William  Siemens  designed  the  first  electric  equipment. 
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George  Henry  Allen  was  born  in  London  on  7th  July  1891. 
He  was  educated  at  Christ  Church  School  and  Sir  Walter  St.  John's 
School,  Battersea,  from  1899  to  1905,  and  entered  the  drawing 
office  of  Messrs.  Royce,  Ltd.,  Trafford  Park,  Manchester,  for  one 
year.  This  was  followed  by  his  spending  a  year  in  the  drawing 
office  of  Messrs.  Tylor  and  Sons,  York  Road,  London,  and  during 
the  evenings  he  attended  classes  in  Applied  Mechanics  and 
Mathematics  at  the  Battersea  Polytechnic.  In  1908  he  worked 
in  the  shops  and  drawing  office  of  the  Thames  Ironworks  and 
Engineering  Co.,  Greenwich,  and  in  June  of  the  following  year 
he  went  to  the  Acton  Vale  works  of  Messrs.  D.  Napier  and  Sons, 
where  he  was  employed  as  jig  and  tool  draughtsman.  His  death 
occurred  at  the  age  of  twenty-one  in  endeavouring  to  save  the  life 
of  another.  In  August  1912  he  was  staying  at  Rottingdean,  near 
Brighton,  with  a  party  of  young  men  who  were  members  of  the 
Caius  College  Mission  Church,  Battersea.  While  bathing  on 
Sunday,  4th  August,  one  of  the  party  was  seized  with  cramp  and 
carried  out  to  sea  and  drowned  ;  three  others,  including  Mr.  AUen, 
went  to  his  assistance,  and  in  their  attempt  to  reach  him  they  were 
also  drowned.     He  became  a  Graduate  of  this  Institution  in  1910. 

Edwin  Ault  was  born  at  Cannock,  Staffordshire,  on  17th  July 
1848.  He  served  his  apprenticeship  with  Mr.  Isaac  Shone,  civil 
and  mining  engineer,  from  1863  to  1869.  On  its  completion  he 
acted  as  engineer  to  the  Talk  o'  th'  Hill  CoUiery  to  1870,  and  then 
as  engineer  to  the  Brymbo  Colliery  to  1873.  He  then  returned 
to  Mr.  Shone  as  his  chief  assistant  until  the  end  of  1882,  when 
he  joined  him  as  partner,  and  assisted  in  the  designing  and 
construction  of  ejectors,  air-compressors,  etc.  His  death  took 
place  at  Lahore  from  heat  stroke,  on  24th  June  1912,  in  his  sixty- 
fourth  year.     He  became  a  Member  of  this  Institution  in  1892. 
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George  Bird  was  born  in  London  on  19tli  January  1863. 
After  being  educated  privately  he  became  a  student  at  the  Crystal 
Palace  School  of  Engineering  for  one  year,  1879-80,  and  then 
was  apprenticed  to  Messrs.  Turner  and  Co.,  general  engineers, 
Manchester  Square,  London.  In  1882  he  went  as  assistant  to 
Mr.  E.  Perrett,  of  Westminster,  until  1886,  during  which  time  he 
was  engaged  in  experimental  work  on  superheated  steam-engines, 
steam-tram  engines,  etc.  In  1887  he  became  a  partner  in  the  firm 
of  James  Bartle  and  Co.,  engineers  and  ironfounders,  Lancaster 
Road,  London,  W.  In  this  connection  he  remained  until  his  death, 
which  took  place  on  7th  June  1912,  at  the  age  of  forty-nine.  He 
became  a  Member  of  this  Institution  in  1891. 

James  Dunn  was  born  on  6th  March  1838.  At  fourteen  years 
of  age,  after  having  been  trained  in  a  private  school  and  technical 
classes  at  Chatham,  he  entered  upon  his  apprenticeship  at  the 
Chatham  Dockyard.  From  this  time  onwards,  covering  a  period  of 
almost  sixty  years,  he  has  taken  a  part  of  progressive  responsibility 
in  the  development  of  the  armoured  warship.  On  the  completion 
of  his  apprenticeship  he  spent  a  year  in  the  drawing  oflBice  at 
Chatham,  and  then  he  was  promoted  in  1860  to  a  draughtsmanship 
in  the  Constructive  Department  of  the  Admiralty,  continuing  in 
this  position  until  1867,  when  he  went  to  the  Clyde  as  an  overseer 
of  one  of  the  earliest  of  the  ironclads  built  by  contract.  In  1869 
he  became  chief  draughtsman  at  the  Admiralty;  in  1874,  assistant 
constructor;  in  1879,  constructor ;  in  1880,  a  member  of  the  Royal 
Corps  of  Naval  Constructors  ;  and  in  1894,  Senior  Constructor  and 
Assistant  Director  of  Naval  Construction.  In  addition  to  the 
strenuous  work  he  carried  out,  his  services  were  frequently  called 
upon  in  connection  with  many  Government  Inquiries.  In  1875  he 
was  requested  by  the  Admiralty  to  survey  many  merchant  ships, 
with  a  view  to  their  selection  to  act  as  cruisers  in  time  of  war.  In 
1884  he  was  requisitioned  by  the  War  Office  to  supervise  the 
preparation  of  the  vessels  to  proceed  to  the  relief  of  Gordon  at 
Khartoum.  He  acted  as  the  naval  construction  adviser  to  the  War 
Office  throughout  the  whole  period,  and  three  successive  Secretaries 
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of  State  for  War  especially  thanked  him  for  his  services.     In  1885, 
when  the  first  Load-Line  Committee  was  appointed,  he  was  again 
the  representative  of  the  Admiralty,  and  thii-teen  years  later,  when 
a  further  committee  was  appointed  by  the  Board  of  Trade  to  revise 
the   load-lines,    Mr.    Dunn,   although    he    had    retired    from   the 
Government  service,  was  asked  again  to  serve  on  the  Committee. 
His  services   at  the   Admiralty,  notably  when  acting  as  Director 
of  Naval  Construction  in  the  absence,  through  iU-health,  of   Sir 
William  White,  led  to  the  passing  of   a  general   minute   on  the 
occasion  of  his  retirement,  and  in  this  public  acknowledgment  was 
made  of  the  "  zeal  and  ability  displayed  by  him  in  the  conduct  of 
his   important   duties."     In   1897  he  retired  from  the  Admiralty 
to  join  the  Board  of  Messrs.  Yickers,  Sons  and  Maxim,  who  had 
purchased  works  at  Barrow-in-Furness,  and  had  begun  not  only 
the   construction    of   guns   and   armour,    but   of   ships,  propelling 
machinery,  and  ordnance  machinery  of  all  types.     He  organized 
the  department  and  staff  of  designers,  and  although  he  was  never 
a  resident  in  Barrow,  he  was  closely  identified   with  the  works. 
He  retired  from  the  directorate  a  few  months  before  his  death,  but 
still  continued  his  interest  in  naval  architecture.     On  the  occasion 
of  the  Summer  Meeting  of  this   Institution   at   Barrow  in    1901 
he    read   a    Paper  *    on   "  The   Arrangement   and    Equipment   of 
Shipbuilding  Works,"  in  which  was  given  much  of  the  results  of 
his  observation  and  experience.     He  held  a  high  position  in  the 
Engineering  Employers'  Federation,  and  his  tact  and  discrimination 
enabled   him   to   render   valuable   services   in   settling   difi"erences 
between  the  employers  and  the  workmen.     He  was  a  Freeman  of 
the   Worshipful    Company  of   Shipwrights,  and   a  Vice-President 
of   the  Institution   of   Naval    Architects.     His   death   took   place 
suddenly  at  York,  on  17th  July  1912,  in  his  seventy-fifth  year. 
He  became  a  Member  of  this  Institution  in  1901. 

Edwin  Frampton  was  born  at  Wimborne  on  24th  August  1849. 
Having  been  educated  at  Wimborne  Grammar  School,  he  served 

*  Proceedings,  I.  Mech.  E.,  1901,  Part  3,  page  555. 
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an  apprenticeship  of  four  years  in  the  Perry  Street  Works  of 
Mr.  J.  B.  Payne,  engineer  and  millwright,  Chard,  Somerset,  and 
then  went  for  two  years  as  an  improver  at  the  works  of  Messrs. 
Ravenhill,  Hodgson  and  Co.,  Glasshouse  Fields,  London.  During 
the  next  three  years  he  acted  as  engineer  for  the  Imperial  Brazilian 
Collieries  at  Sao  Jeronymo,  Rio  Grande  do  Sul,  Brazil,  and  on  his 
return  to  England  in  1878  he  became  an  active  partner  in  the 
General  Engine  and  Boiler  Co.,  Hatcham  Iron  Works,  London. 
This  firm  became  a  limited  company  in  1905,  of  which  he  was 
managing  director,  a  position  he  held  until  his  death,  which  took 
place  at  Boscombe,  from  heart  failure,  on  12th  July  1912,  in  his 
sixty-third  year.  He  became  a  Member  of  this  Institution  in 
1884. 

William  Gutcher  was  born  at  Aberdeen  on  26th  November 
1859,  and  was  educated  at  the  St.  Clement's  Schools  in  that  city. 
His  apprenticeship  was  served  from  1874  to  1879  at  the  works 
of  Messrs.  Blaikie  Brothers,  engineers,  of  Aberdeen,  and  during 
the  same  period  he  attended  technical  classes  in  the  evenings  at 
the  Mechanics'  Institute.  On  the  completion  of  his  apprenticeship 
he  worked  for  two  years  as  a  journeyman  engineer,  and  then  in 
1882  he  was  appointed  superintendent  engineer  of  the  Singapore 
Oil  Mills.  In  1900  he  was  promoted  to  be  works  manager,  which 
position  he  held  until  his  death.  This  took  place  very  suddenly 
while  at  work,  on  6th  May  1912,  in  his  fifty-third  year.  He 
became  an  Associate  Member  of  this  Institution  in  1904 ;  he  was  a 
Member  of  the  Association  of  Engineers  of  Singapore,  of  which  he 
had  been  President  for  five  years. 

Charles  Benjamin  Hadengue  was  born  in  1863,  and  was 
educated  at  Westbourne  CoUege,  Netting  Hill,  London.  As  his 
parents  were  in  India,  he  went  out  there  in  1877,  and  was 
apprenticed  in  the  locomotive  workshops  of  the  East  Indian  Railway 
at  Jamalpur,  Bengal.  On  the  completion  of  his  apprenticeship  in 
1882  he  was  engaged  in  the  same  works  as  assistant  draughtsman 
until  1884,  when  he  became  engineer  in  charge  of  the  Kooldiah 
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Collieries  at  Giridi,  belonging  to  the  Bengal  Coal  Co.  Three  years 
later  he  became  engineering  representative  in  India  of  Messrs. 
Robey  and  Co.,  Lincoln,  and  from  1889  to  1892  he  was  in  charge 
of  the  engineering  department  of  the  firm  of  Messrs.  Williamson, 
Magor  and  Co.,  Calcutta.  In  the  latter  year  he  was  appointed 
engineer  to  Messrs.  Carew  and  Co.,  sugar  refiners,  Rosa,  U.P., 
which  position  he  held  until  his  death.  During  this  period  he 
cai-ried  out  many  improvements  in  the  buildings  and  machinery, 
and  also  had  the  inspection  duties  of  the  firm's  other  factories  at 
Katni  and  Asensole.  His  death  took  place  very  suddenly  on 
18th  June  1912,  at  the  age  of  forty-nine,  of  heart  failure,  in 
Tasmania,  whither  he  had  gone  to  see  an  orchard  estate  which  he 
had  purchased  in  anticipation  of  retirement  in  a  few  years'  time. 
He  became  an  Associate  Member  of  this  Institution  in  1894. 

John  William  Howard  was  born  at  South  Hampstead,  London, 
on  25th  June  1856,  and  was  educated  at  University  College  School 
and  King's  College,  London.  In  1874  he  began  an  apprenticeship 
at  the  Great  Eastern  Locomotive  Works,  Stratford,  under  the  late 
Mr.  William  Adams,  and  passed  through  the  various  shops  and 
drawing  office.  He  also  inspected  the  construction  of  new 
locomotives  at  the  works  of  Messrs.  Kitson  and  Co.,  and  other 
builders.  In  1881  he  joined  the  firm  of  Messrs.  John  Spencer 
and  Son,  Ltd.,  of  Newburn  Steel  Works,  Newcastle-on-Tyne, 
as  their  representative  in  London.  He  was  afterwards  with 
Mr.  Josiah  McGregor,  whom  he  assisted  in  the  designing  and 
construction  of  light  draught  steamers  for  India,  South  America, 
and  other  countries.  In  1894  he  became  assistant  general  manager 
of  the  Gloucester  Carriage  and  Wagon  Co.,  and  on  the  retirement 
of  Mr.  Alfred  Slater  in  1904  he  was  appointed  general  manager 
of  that  company,  which  position  he  occupied  until  July  1911, 
when  he  resigned  owing  to  ill-health .  During  the  time  he 
was  in  Gloucester  very  important  alterations  and  additions  were 
made  to  the  Wagon  Co.'s  extensive  works,  making  them  one  of 
the  finest  in  the  country.  In  October  1911  he  sailed  with  Mrs. 
Howard  for  ISTew  Zealand,  intending  to  take  a  prolonged  trip  round 
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the  world,  but  his  deatli  took  place  at  Auckland  on  14th  August 
1912  at  the  age  of  fifty-six.  He  became  a  Member  of  this 
Institution  in  1882. 

Henry  Lea  was  born  in  Birmingham  on  6th  January  1839,  and 
was  educated  at  ELing  Edward's  School  in  that  city.  Displaying 
a  remarkable  gift  for  mechanics,  even  while  at  school,  he  was 
apprenticed  to  Mr.  J.  E.  Hodgkin,  who  owned  a  sma,ll  factory  in 
Berkley  Street,  Birmingham,  which,  later  on,  was  acquired  by 
Messrs.  May  and  Mountain.  There  he  obtained  a  thorough 
knowledge  of  the  practical  side  of  engineering,  and  at  hom.e  he 
studied  the  theory.  On  leaving  Messrs.  May  and  Mountain  he 
entered  the  works  of  Mr.  Walter  Williams,  at  Albion,  where 
he  acquired  a  knowledge  of  rolling-mill  practice  and  bridge 
construction.  In  1862,  at  the  age  of  twenty-three,  he  started 
business  on  his  own  account  as  a  consulting  engineer  in 
Birmingham,  and  gradually  built  up  a  large  connection.  For  a 
time  his  work  covered  mostly  the  various  branches  of  mechanical 
engineering  practice,  but  in  1882  it  was  supplemented  by  electrical 
work.  In  that  year  he  carried  out  the  electrical  lighting  of  the 
Birmingham  Town  Hall,  and  he  was  also  associated  with  Colonel 
Crompton  and  Mr.  (now  Lord  Justice)  Fletcher  Moulton  in  drafting 
the  first  Electric  Lighting  Order,  namely,  that  for  Chelsea. 
For  many  years  he  was  honorary  consulting  engineer  to  the 
Birmingham  General  Hospital,  and  when  the  new  hospital  was 
erected  he  designed  and  put  down  the  electric-motor  installation  for 
working  the  fans  in  connection  with  the  ventilation  scheme.  He 
was  responsible  for  a  large  number  of  other  plants,  among  which 
may  be  mentioned  the  high-pressure  hydrauHc  installation  for  the 
Binningham  Corporation  in  Dalton  Street ;  the  electric  lighting 
of  the  Staffordshire  County  Asylums  at  Cheddleton,  near  Leek, 
and  at  Burntwood,  Lichfield ;  the  Birmingham  Corporation 
Asylum  at  Hollymoor ;  the  electric  plants  at  the  Binningham 
Technical  School,  and  at  the  Meat  Market ;  the  electric  lighting 
of  Birmingham  University,  etc.  Apart  from  his  business,  Mr.  Lea's 
hobby  was  the  making  of  models  of   all  kinds    of   machinery  at 
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home,  and  at  the  time  of  his  death  he  was  engaged  on  a  model 
of   the   latest   type    of    Midland    locomotive.      He    was   elected    a 
Member  of   this  Institution  in  1860,  and    served  on  the  Council 
during   1898-99,  and  from   1902  until  his  death.     He  was  one  of 
the   Institution's   representatives    on   the    Engineering   Standards 
Committee,  and  was  a  member   of   the   Sectional  Committee   on 
Screw  Threads  and  Limit  Gauges.     He  was  also  a  Member  of  the 
Institution  of  Civil  Engineers,  and  of  the  Institution  of  Electrical 
Engineers.     He  helped  very  considerably  in  the  organization   of 
the"  successful  Meeting  of  this  Institution  in  Birmingham,  July 
1910,   which   was    held    jointly   with    the    American    Society   of 
Mechanical  Engineers,  and   acted   as   one    of   the  Vice-Chairmen 
of  the  Reception  Committee.     He  was  a  member  of  some  of  the 
principal  philanthropic  institutions  in  Birmingham,  and  rendered 
good   service    on   the    committees    of    the    General    Hospital   and 
Institution  for  the  Blind.     His  death  took  place  at  his  residence 
in  Edgbaston,   Birmingham,  on  20th  July  1912,  in    his  seventy- 
fourth  year. 

John  Machray  Ledingham  was  born  at  Aberdeen  in  1849.     He 
served  his  time  at  the  Royal  Laboratory,  Woolwich,  from  1865  to 
1870,  and  then  worked  as  a  tui^ner  at  the  works  of  Maudslay,  Sons 
and   Field   during    1870   and    1871.     In   the   latter   year  he  was 
engaged  by  the  Indian  Government,  and  untU  1876  he  was  foreman 
of  fitters  and  turners  at  the  SmaU  Arms   Ammunition   Factory, 
Kirkee,   Bombay.     In    1876   he    returned    to    England  and   was 
appointed  foreman    at   the  Royal   Laboratory;    and   in    1885   he 
became  principal  foreman.     Three  years  later  he  was  promoted  to 
be  assistant  manager,  and  manager  in  1890.     This  position  he  held 
until  his  death,  which  took  place  at  Woolwich  on  22nd  July  1912, 
at  the  age  of  sixty-three.     He  became  a  Member  of  this  Institution 
in  1890. 

Thomas  Templeton  Mackie  Lumsden  was  born  in  Edinburgh  on 
4th  March  1850.  Having  been  educated  at  Dr.  Andrew  Thomson's 
School  in  that  city,  he  entered  at  an  early  age  the  drawing  office 
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of  Messrs,  G.  and  W.  Bertram,  St.  Katherine's  Works,  Sciennes, 
Edinburgh.  Being  a  skilful  worker,  lie  soon  won  recognition  and 
was  entrusted  with  a  great  deal  of  responsible  work  in  the  principal 
paper  mills  in  the  country.  In  1884  he  left  the  firm  to  join  with 
the  late  Mr.  James  McFarlane  in  forming  an  Engineering 
Department  of  the  business  of  Messrs.  James  Milne  and  Son, 
then  at  Milton  House,  Canongate,  Edinburgh.  In  the  following 
year  the  firm  moved  to  extensive  new  works  at  Abbeyhill,  and 
Mr.  Lumsden  became  managing  director.  This  position  he  held 
until  his  death,  which  took  place  after  a  long  illness,  on  29th  July 
1912,  at  the  age  of  sixty-two.  He  became  a  Member  of  this 
Institution  in  1895, 

William  Bayley  Marshall  was  born  at  Norwich  on  17th 
November  1850,  being  the  eldest  son  of  the  late  William  Prime 
Marshall,*  Secretary  of  this  Institution  from  1849  to  1878,  After 
having  been  educated  privately,  he  served  his  apprenticeship  with 
Messrs.  Diibs  and  Co.,  of  Glasgow,  locomotive  builders,  and  then  went 
to  the  works  of  Messrs.  Robert  Napier  and  Sons,  from  1873-75. 
For  a  short  time  he  was  in  the  drawing  office  of  Messrs,  Simpson 
and  Co.,  of  PimHco,  and  in  1876  he  was  appointed  works  manager 
to  the  Bridgewater  Engineering  Co.  Two  years  later  he  became 
general  manager  to  the  Stafi"ordshire  Wheel  and  Axle  Co.,  and  then 
in  1882  he  joined  his  father,  under  the  title  of  WilKam  P.  Marshall 
and  Son,  as  consulting  and  inspecting  engineers,  speciaKzing  in 
inspection  of  railway  rolling  stock  for  the  Crown  Agents  for  the 
Colonies.  He  acted  as  Joint  Honorary  Secretary  for  the  Jubilee 
Meeting  which  was  held  in  Birmingham  in  1897,  and  contributed 
in  no  small  degree  to  its  success.  In  1906  he  retired  from  active 
business,  through  faihng  health,  and  went  to  reside  at  Malvern, 
where  his  death  took  place  on  23rd  July  1912,  in  his  sixty-second 
year.     He  became  a  Member  of  this  Institution  in  1877, 

John  Harley  Meiklejon  was  born  at  Lasswade,  Midlothian, 
on  4th  April  1878.     He  was  educated  at  Victoria  College,  Jersey, 
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Channel  Islands,  and  Merchiston  Castle  School,  Edinburgh.  After 
this  he  took  an  engineering  course  at  Heriot  "Watt  College, 
Edinburgh,  from  1894  to  1896,  and  then  he  was  apprenticed  for 
three  years  to  the  Fairfield  Shipbuilding  and  Engineering  Co.,  at 
Govan.  On  the  outbreak  of  the  Boer  War  he  volunteered  for 
service,  and  worked  for  a  year  in  the  locomotive  department, 
having  charge  of  armoured  trains  running  between  Johannesburg 
and  Klerksdorp.  In  1902  he  went  out  to  the  Malay  States,  where 
he  became  assistant  engineer  in  the  Suder  Sereuban  Tin  Mine. 
From  1903  to  1908  he  acted  as  engineer-in-charge  at  the  Rahman 
Tin  Mine,  Upper  Siam,  and  on  his  return  to  England  in  1909 
he  joined  the  firm  of  A.  E.  Kitsell  and  Co.,  engineers  and  brass 
founders,  Harlesden,  London,  as  managing  partner.  At  the  end 
of  1911  he  again  went  to  the  Malay  States  on  a  short  visit  to  the 
Rahman  Mine,  and  on  his  return  journey  his  death  took  place  at 
sea,  on  7th  June  1912,  at  the  age  of  thirty-four.  He  became  an 
Associate  Member  of  this  Institution  in  1910. 

George  Blake  Oughterson  was  born  at  Liverpool  on  22nd 
November  1837.  At  the  age  of  seventeen  he  became  an  apprentice 
at  the  locomotive  and  carriage  works  of  the  Paris  and  Rouen 
Railway,  under  Mr.  William  Buddicom,  and  the  last  year  of  his 
apprenticeship  was  spent  in  the  prime  cost  and  estimating 
department  of  these  works,  an  experience  which  proved  of  the 
greatest  value  subsequently.  On  the  completion  of  his  term  he 
was  appointed,  in  1858,  resident  engineer  under  Sir  Donald 
Campbell  on  the  Lowgill-Ingleton  section  of  the  Lancaster  and 
Carlisle  Railway.  After  three  months'  service  there  he  was, 
though  only  just  over  twenty-one  years  of  age,  appointed  to  the 
post  of  assistant  locomotive  superintendent  on  the  Great  Luxemburg 
Railway,  under  the  late  Mr.  Thomas  Kitson  and  subsequently  the 
late  Mr.  Price  Pritchard  Bailey.  This  position  he  held  for  four 
and  a  half  years,  and  then  he  joined  the  stafi"  of  the  late  Mr. 
Edward  Preston,  who  was  one  of  the  concessionaires  for  the 
Belgian  Railway  from  Tamines  to  Landen,  taking  charge  of  the 
Brussels  ofiice.     Here  he  supervised  the  plotting  off  of  the  sections. 
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the  Ciilculations  of  the  quantities  of  earthworks,  etc.,  the  design  of 
the  bridges,  etc.  In  this  position  he  remained  two  years,  when, 
in  1865,  he  was  ofl'ered,  and  accepted,  a  partnership  in  the  old- 
established  firm  of  WiUiam  Martin,  Son  and  Co.,  at  Rouen. 
Foundry  work,  however,  proved  unattractive,  and  accordingly 
William  Martin  decided  to  take  over  adjoining  engineering  works, 
and  started  the  manufacture  of  all  stationary  railway  plant,  and 
also  of  sugar  machinery  for  export  to  the  French  colonies.  As 
success  was  being  attained,  the  Franco-German  War  broke  out, 
and  the  firm  had  to  go  into  voluntary  liquidation  at  the  end  of  the 
war,  owing  to  the  diflficulty  of  obtaining  money.  The  engineering 
business  was  taken  over  by  Messrs.  Manlove,  AUiott  and  Co.,  of 
Nottingham,  on  condition  that  Mr.  Oughterson  should  remain  as 
their  manager  at  Rouen.  This  arrangement  lasted  up  to  the  end  of 
1877,  when  he  became  general  manager  at  Mr.  Peter  Brotherhood's 
works  in  London.  In  this  connection  he  was  delegated  to 
superintend  and  carry  out  trials  in  connection  with  torpedoes  and 
their  accessories,  and  visited  on  several  occasions  all  the  arsenals  of 
the  French  Government,  the  Italian  arsenal  at  Spezia,  the  Dutch 
arsenal  at  Haider,  and  the  Danish  arsenal  at  Copenhagen.  The 
association  with  Mr.  Brotherhood  ceased  in  March  1897,  and 
immediately  afterwards  he  joined  the  late  Mr.  W.  Harry  Stanger 
as  manager  of  the  engineering  department  of  his  business,  as 
consulting  and  inspecting  engineer  to  the  Crown  Agents  for  the 
Colonies,  to  two  Admiralty  departments,  and  to  several  self- 
governing  colonies.  His  death  took  place  at  Folkestone  from  an 
attack  of  cerebral  haemorrhage,  on  2nd  August  1912,  in  his  seventy- 
fifth  year.  He  became  a  Member  of  this  Institution  in  1867  ;  and 
he  was  also  a  Member  of  the  Societe  des  Ingenieurs  Civils  de 
France. 

William  Powrie  was  born  at  Dundee  on  10th  October  1840, 
and  was  educated  at  a  local  school.  He  served  his  time  from  1854 
to  1860  as  a  millwright,  and  worked  as  a  journeyman  for  a  few 
years,  during  which  time  he  was  engaged  in  the  erection  of  flour 
mills    in    different    parts    of    Scotland.      In    1863    he    went    to 
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Edinburgh  and  was  employed  as  millwright  and  pattern  maker  in 
the  engineering  department  of  the  Scottish  Vulcanite  Co.,  and  this 
was  followed  by  a  period  of  three  years  in .  the  works  of  Messrs. 
Nasmyth,  Wilson  and  Co.,  Patricroft,  Manchester,  which  he 
undertook  in  order  to  extend  his  engineering  knowledge.  In  1868 
he  became  chief  draughtsman  and  assistant  manager  to  Messrs. 
Furnival  and  Co.,  printers'  engineers,  Manchester,  and  remained 
there  for  five  years,  during  which  period  he  designed  several  new 
kinds  of  printing  machines.  In  1873  Messrs.  Adam  and  Co., 
printers  and  publishers,  of  l^^ewcastle-on-Tyne,  were  building  new 
works  for  the  manufacture  of  printing  machinery,  and  invited 
Mr.  Powrie  to  take  charge  of  their  engineering  department.  Their 
ofler  was  accepted  and  he  remained  with  them  for  three  years, 
until  the  firm  went  into  liquidation.  In  February  1877  he  went 
to  London  to  open  a  branch  for  Messrs.  Furnival  and  Co.,  and 
remained  as  their  general  manager  in  London  and  district  up  to 
the  time  of  his  death.  He  always  took  a  great  interest  in  technical 
education,  and  frequently  lectured  on  various  subjects  to  classes  of 
students.  In  1899  he  i-ead  a  Paper*  before  this  Institution  on 
"  Machinery  for  Book  and  General  Printing."  His  death  took 
place  at  his  residence  in  Clapham,  London,  on  19th  July  1912,  in 
his  seventy-second  year.  He  became  a  Member  of  this  Institution 
in  1898. 

*  Proceedings,  I.  Mech.  E.,  1899,  Part  1,  page  103. 
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The  first  Ordinary  General  Meeting  of  the  Session  was  held 
at  the  Institution  on  Friday,  25th  October  1912,  at  Eight 
o'clock  p.m. ;  Edward  B.  Ellington,  Esq.,  President,  in  the 
Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by 
the  Council,  and  that  the  following  one  hundred  and  sixteen 
Candidates  were  found  to  be  duly  elected  : — 


MEMBERS. 

Dawson,  Professor  Tom  Stafford,   . 

.      Bombay. 

Elliott,  Clifford  Francis  John,    . 

Smyrna. 

Foreman,  James  Thomas  Weatherall, 

London. 

Pierce,  Robert  Cecil,  . 

Cambridge. 

Price,  Ernest,     .... 

Manchester. 

Robertson,  Thomas  Robert,  . 

Liverpool. 

Smith,  "William  Gregory, 

Ichapur. 

Turner,  Frank,   .... 

Woolwich. 
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associate  members. 
Abbott,  Johx  Haelen  Abbott, 
Adey,  Douglas  Francis, 
Anderson,  James  Thomas, 
Armitage,  Charles  Varley, 
Arney,  Arthur  Edward, 
Avent,  Ben  Stafford,  . 
Barlow,  Charles  Robert, 
Baskerville,  Robert  Henry, 
Beetham,  Hugh  Stanley, 
Bettison,  Frank  Casson, 
Beynon,  Herbert, 

BiLLINGHURST,  RAYMOND  WiLLIAM  BoWEN, 

Bird,  Philip  Augustus, 

Blythe,  Walter  Afford, 

BoAK,  Charles  Frederick,     . 

Brabneb,  Frederic, 

Bradshaw,  Stanley, 

Brameld,  Phillip, 

Bull,  Charles  Gaston, 

CoATEs,  John, 

Codling,  John  Henry,  . 

CooKSON,  Frederick  Randolph  Cecil, 

Copping,  Gilbert  Lloyd, 

Craig,  Robert  Gordon, 

Cuthbert,  Fred,  ... 

Damant,  Alfred  Charles  Claude, 

Deane,  Richard  Hill  Asperne, 

Donnelly,  John,  . 

Edye,  John  de  Greet,   . 

Fairbairn-Crawford,  Ivo  Frank, 

Farbridge,  Joseph  William, 

Finch,  Rupert  James,  . 

Fox,  Leonard  Monro,   . 

Fraser,  John  Hill, 

FuRKERT,  Frederick  William, 


London. 

London. 

Bristol. 

London. 

Perth,  W.A. 

London. 

Cape  Town. 

Manchester. 

Barrow-in-Furness . 

Leeds. 

London. 

London. 

Calcutta. 

Sheffield. 

Calcutta. 

Leeds. 

Birmingham. 

Punta  Arenas. 

Paris. 

Kewcastle-on-Tyne. 

Shipley. 

HuU. 

London. 

Calcutta. 

London. 

London. 

London. 

Pretoria. 

London. 

Newcastle-on-Tyne. 

Hiogo  Ken,  Japan. 

Leicester. 

London. 

Trincomalee. 

Wellington,  N.Z. 
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Gaunt,  John  Waugh,    . 

GooDACRE,  Ernest  John, 

Greenfield,  John, 

Griffiths,  Herbert  Roberts, 

Guy,  Henry  Lewis, 

Haan,  Peter  de,  . 

Hally,  George,    . 

Hammett,  Darcy  Hesseltine, 

Hepton,  Ernest  Stanley, 

HiCKSON,  Charles  Hamilton, 

Hutchison,  Hugh, 

Hyde,  James  Henry, 

Keegan,  George  Hamilton,   . 

Kemp,  Ernest, 

Kent,  William  Mallet, 

Kewley,  Frederick  Ernest,  . 

Lawford,  Arthur  Niven, 

Lee,  Jesse  James, 

LoNGSDON,  Henry  Serle, 

McCrie,  Bertram, 

MacGuckin,  Charles  John  Grahame, 

Marsh,  Clifford  Llewellyn, 

Marshall,  John  Alexander, 

MiNETT,  Albert  Ernest  Sculthorpe, 

Morton,  Duncan  Anderson,  . 

Mountfort,  Louis  Frederic, 

Ogden,  Robert  William, 

Pacey,  Stewart  Oswald, 

Perks,  Thomas,    . 

PoRTWAY,  Robert  Cornell,    . 

Prescott,  Kenneth  Seymour, 

Rees,  Alfred  Colston, 

Reynolds,  Oliver, 

RiGBY,  Henry, 

RoBsoN,  George, 

Rome,  George  Harold, 


Cossipore. 

Yokohama. 

London. 

London. 

Manchester. 

Milan. 

Wellington,  Salop. 

Cardiff. 

Hull. 

Perth,  W.A. 

Singapore. 

Teddington. 

Middelburg,  C.C. 

London. 

Cyprus. 

Market  Drayton. 

Manchester. 

Gainsborough. 

London. 

Glasgow. 

Newcastle-on-Tyne. 

Merthyr  Vale. 

Havana. 

Katha,  Burma. 

Vancouver. 

Birmingham. 

Warrington. 

Smyrna. 

Warrington. 

Bromley,  Kent. 

Ashton-under-Lyne. 

Llanelly. 

Bolton. 

Nova  Scotia. 

London. 

London. 
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Ryder,  Alfred  Harold, 

Salway,  Alec  Dudley, 

Shenstone,  William  McCalmax,     . 

SiMOx,  Louis  John,        .... 

Smith,  Alexander  John, 

Smith,  Frederick  Sexstone,  . 

Spencer,  Philip,  ..... 

Stanfield,  Joseph  Reginald  Montague,  . 

Sugg,  Harry  Guy,         .... 

SuTCLiFFE,  Arnold  Riley, 

Tait,  Reginald  Arnan, 

Thom,  John,  ..... 

Tripp,  William  Howard  Sandberg, 

Turner,  George  Bankart,     . 

Vine,  Horace,      ..... 

Whyte,  Andrew  Liddell, 

Wright,  James  William  Ewart  Gladstone, 

Young,  Geoffrey,         .... 


associate. 


Clark-Neill,  James, 


graduates. 
Calthrop,  Keith  de  Suffield, 
Crooke,  Sidney  Egerton, 
GoocH,  Stanley  John,  . 
Greenfield,  Eric  Berand, 
Hayward,  Russell  Dallas, 
Hill,  Sydney  Burgan, 
Jackson,  Francis  Munton, 
Lamport,  Edward  John, 
Latham,  Percy  Barkley, 
LiLEY,  Henry  Deakin,  . 
McGill,  Ernest  William, 
NicHOLL,  Harry  Wynne, 
Peppercorn,  Arthur  Henry, 
Splitter,  Bernard, 


Kuantan,  S.S. 

Natal,  Brazil. 

Nazira,  Assam. 

London. 

Tokyo. 

Yilla  Maria,  Arg.  Rep. 

Kegapatam. 

Cardiff. 

London. 

Halifax. 

London. 

Enfield. 

Walker-on-Tyne. 

Newcastle-on-Tyne. 

Calcutta. 

Douglas. 

Colchester. 

Sao  Paulo. 


Glasgow. 

London. 

London. 

East  Molesey. 

London. 

Gainsborough. 

Birkenhead. 

Brighton. 

Eastleigh. 

Crewe. 

Lincoln. 

Brighton. 

London. 

Colwick,  Kotts. 

London. 
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Steele,  Robert  McAra, 
TJnger-Vetlesen,       Fredrik      Wilhelm 

George,     .....     Christiania 
Whipp,  Frederick  George,    .  .  .     London. 

Whitaker,  John,  ....     Accrington, 
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The      President     announced     that     the 
Transferences  had  been  made  by  the  Council  :- 

Associate  Members  to  Memhers. 

Christiansen,  Albert  George,   . 

Davison,  Edward  James,   .... 

Drinnan,  John,         ..... 

Fyffe,  Andrew  Morton,    .... 

Kettle,  Laurence  Joseph, 

Read,  George  Henry,        .... 

RoDD,  William  James  Paulo,  Captain  A.O  D., 

RosEVERE,  Gerald  Rhodes, 

ScHOFiELD,  Samuel  Dean, 

Smith,  Professor  Cades  Alfred  Middleton, 

Smith,  Thomas  Harold,     .... 

Wilcox,  John  George,       .... 


followincr      twelve 


Bombay. 

London. 

Johannesburg. 

Nelson. 

Dublin. 

London. 

Haulbowline. 

Bolton. 

Shipley. 

Hong  Kong. 

Cairo. 

Calcutta. 


The  following  Paper  was  read  and  discussed  : — 
*'  Characteristic  Dynamical  Diagrams  for  the   Motion  of  a   Train 
during  the  Accelerating  and  Retarding  Periods  " ; 
by  Professor  W.  E.  Dalby,  Member,  of  London. 


The    Meeting    terminated    shortly   before   Ten   o'clock, 
attendance  was  142  Members  and  53  Visitors. 


The 
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CHARACTERISTIC   DYNAMICAL    DIAGRAMS   FOR  THE 

MOTION   OF   A   TRAIN   DURING 

THE  ACCELERATING  AND   RETARDING   PERIODS. 


By  Professoe  W.  E.  DALBY,  Member,  of  London. 


The  author   proposes  to   deal  with  the  subject  of   this  Paper 
under  the  following  heads : — 

1.  Fundamental  importance  of  the  acceleration  period. 

2.  Tractive-force  curves. 

3.  The    characteristic   Dynamical    Diagram    for  a   particular 


(a)  Scales, 

(b)  The  diagram. 

(c)  The  accelerating  force  /. 

(d)  Limiting  speed. 

(e)  Time-speed  curve. 

(f)  Time-distance  curve. 

(g)  Kinetic-energy-distance  curve. 
(h)  Speed-distance  curve. 

(i)    Checks  to  be  applied. 

4.  General  features  of  the  Dynamical  Diagram, 

5.  Dynamometer-car   record   of    the    Riviera    Express    from 

Paddington. 
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6.  Reduction  of  the  data  from  the   Dynamometer-car   record 

to  the  curves  of  the  Dynamical  Diagram. 

7.  Braking. 

(a)  A  wheel-element. 

(b)  A   vehicle  composed  of    n   wheel-elements   in  of 

which  are  braked. 

(c)  An    engine    composed     of    n    dissimilar    wheel- 

elements. 

8.  Tension  on  a  draw-bar  due  to  unequal  braking  of   engine 

and  train. 

9.  Characteristic    Dynamical    Diagram   for   a   train   stopping 

from  a  speed  of  60  miles  per  hour. 
10.  Moments  of  inertia  of  typical  pairs  of  Wheels  and  Axles. 

Engine  driving-wheel  73  inches  diameter. 
Engine  traiUng-wheel  73  inches  diameter. 
Engine  bogie-wheel  45^  inches  diameter.    ^ 
A  wood-centred  carriage  wheel  45^  inches 
diameter. 


See  Table  3 
(page  914). 


1.   Fundamental  Importance  of  the  Acceleration  Period. 

The  general  development  of  electric  traction  for  the  purpose 
of  operating  suburban  services  is  largely  due  to  one  important 
difference  between  the  steam-  and  the  electric-locomotive.  In  the 
case  of  the  steam-locomotive  the  power  is  limited  to  that  of  the 
boiler  which  the  locomotive  carries,  and  this  is  strictly  limited  in 
size  by  the  construction-gauge.  There  is  no  such  Kmitation  imposed 
upon  the  power  of  an  electi'ic-locomotive,  since  it  is  connected  with 
and  can  draw  upon  the  boiler-power  installed  in  a  central  station, 
and  can  therefore  temporarily  work  at  a  power  greatly  exceeding 
the  possibilities  of  a  steam-locomotive.  The  practical  consequence 
of  this  difference  is  that,  during  the  starting  period  where  large 
power  is  required  for  short  intervals  of  time,  the  electric- 
locomotive  (or  the  electric  multiple-unit  train)  answers  to  the 
demand  without  difficulty,  whilst  the  steam-locomotive  reaches 
the  limit  of  its  power  at  comparatively  small  accelerations. 
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In  the  case  of  the  London,  Brighton  and  South  Coast  Railway 
electrified  service,  for  example,  during  the  accelerating  period  the 
horse-power  touches  1,600,  a  power  quite  beyond  the  capacity  of 
any  steam-locomotive  which  could  conveniently  be  employed  on  a 
suburban  service.  Once  the  journey  speed  has  been  attained,  the 
steam -locomotive  has  sufficient  power  to  meet  aU  the  traffic 
requirements  of  local,  express  passenger,  and  ordinary  and  express 
goods  services  of  the  present  time.  The  .power  of  the  motor 
to  accelerate  rapidly  has  secured  its  adoption,  or  at  any  rate  has 
largely  influenced  the  electrification  of  steam  services  where  the 
intervals  between  the  trains  are  small  and  the  stops  frequent. 

The  study  of  the  characteristics  of  the  motion  of  a  train  during 
the  accelerating  period  has  therefore  assumed  importance,  an 
importance  indicated  by  the  fact  that  the  actual  choice  of  a 
method  of  traction  for  services  of  a  suburban  character  depends 
upon  the  suitability  of  the  tractor  to  work  the  train  during  the 
accelerating  period. 

The  object  of  this  Paper  is  to  explain  a  method  by  means 
of  which  time-speed,  time-distance,  speed-distance,  and  energy- 
distance  curves  may  be  derived  from  a  curve  of  tractive  force 
expressed  as  a  function  of  the  velocity,  to  consider  a  method 
of  reducing  the  data  obtained  from  a  dynamometer-car  record 
in  order  to  obtain  information  regarding  vehicle  and  engine 
resistance,  to  illustrate  by  means  of  a  dynamical  diagram  the 
principles  underlying  the  practice  of  braking,  and  incidentally  to 
consider  the  question  of  the  energy  of  rotation  stored  in  the  wheels 
of  the  train. 

One  advantage  of  the  method  about  to  be  explained  is  that 
the  accuracy  of  the  curves  deduced  can  be  easily  checked,  and 
that  by  the  use  of  the  integraph  and  starting  with  a  ti'active-force 
cui-ve,  the  whole  family  may  be  rapidly  drawn. 

2.   Tractive-Force  Curves. 

The  tractive  force  exerted  on  a  train  may  be  maintained  at  a 
nearly  constant  value  by  means  of  electric  motors  from  the 
start  up  to  the  journey  speed ;  and  were  it  not  for  the  fact  that 
the  train-resistances  increase  with  the  speed,  the  accelerating  force 
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would  be  constant  and  the  dynamics  of  the  problem  would  be 
simple.  The  method  of  constructing  the  characteristic  dynamical 
diagram  wiU  be  explained  in  connection  with  the  tractive-force 
curve  of  a  steam-locomotive,  because  the  curve  is  more  variable  in 
character  than  that  of  an  electric-motor,  and  therefore  more  points 
of  interest  are  presented. 

The  tractive  force  exerted  by  a  steam-locomotive  is  a  more 
variable  function  of  the  velocity  during  the  starting  period  than 
is  the  case  with  an  electric-motor. 

From  the  start  up  to  some  ill-defined  speed  in  the  region  of 
50  revolutions  per  minute,  the  tractive  force  exerted  by  a  locomotive 
can  be  maintained  at  the  approximately  constant  magnitude 
determined  by  the  weight  on  the  coupled  wheels.  The  tractive 
force  corresponding  to  the  weight  on  the  coupled  wheels,  exerted  at 
50  revolutions  per  minute,  roughly  corresponds  to  a  rate  of  working 
equal  to  the  maximum  power  of  the  boiler.  The  power  of  the 
boiler  varies  somewhat  with  the  speed,  yet  without  serious  error 
the  power  may  be  regarded  as  approximately  constant  above  50 
revolutions  per  minute,  so  that  as  the  speed  increases  the  cut-off 
must  be  reduced  in  order  that  the  boiler  pressure  may  be 
maintained. 

As  the  speed  increases,  the  steam  finds  increasing  difficulty 
in  getting  into  and  out  of  the  cylinders  through  the  pipes,  ports, 
passages,  and  round  the  bends,  the  eflfect  of  which  is  to  diminish  the 
i.h.p.  which  can  be  exerted  at  high  speeds,  since,  for  a  given  cut-off 
and  a  fixed  position  of  the  regulator,  the  weight  of  steam  which 
finds  its  way  in  the  cylinder  falls  off  almost  according  to  a  straight- 
line  law  as  the  speed  increases. 

The  curve  of  maximum  tractive  force  for  a  steam-locomotive  is 
determined  therefore,  first,  by  the  weight  on  the  wheels ;  secondly, 
by  the  maximum  boiler-power ;  and,  thirdly,  at  high  speeds  by  the 
design  of  the  ports,  steam-passages,  and  cylinders. 

The  first  part  of  the  curve  is  a  straight  line  coiTesponding  to 
the  maximum  value  of  the  tractive  force  calculated  from  the 
well-known  formula — 

^  -        2D      ' 


I 
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where  j9  is  the  boiler-pressure  by  gauge  in  pounds  per  square  inch, 
n  is  the  number  of  cylinders,  I  is  the  stroke,  d  is  the  diameter 
of  the  cylinders,  and  D  is  the  diameter  of  the  driving-wheels,  I,  d, 
a.nd  D  being  in  inches.     Or  alternatively  from  the  expression 

T  =  W/5, 

where  W  is  the  total  weight  on  the  coupled  wheels. 

The  second  part  of  the  curve  during  which  the  boiler  works  at 
its  maximum  rate  is  roughly  a  rectangular  hyperbola,  and  this 
changes  to  a  straight  line  sloping  towards  the  speed  axis  when  the 
piston-speed  is  about  1,000  feet  per  minute,  which  forms  the  third 
part  of  the  curve.  The  point  at  which  the  curve  changes  in 
character  is  determined  by  the  design  of  the  ports  and  steam- 
passages.  With  large  ports  and  short  straight  passages,  the  change 
takes  place  at  a  higher  piston-speed  than  that  mentioned  above. 

3.  The  characteristic  Dynamical  Diagram  for  a 
particular  case. 

The  simplest  way  to  explain  the  method  is  to  work  out  an 
example  in  detail.  Let  the  problem  be  to  draw  the  time-velocity 
curve ;  the  time-distance  curve  ;  the  velocity-distance  curve  ;  the 
force-distance  curve,  and  the  energy-distance  curve  from  the 
following  data : — 

Weight  of  engine  and  tender,  115  tons  =  Wg. 

Weight  of  vehicles,  290  tons  =  W„. 

The  start  to  be  made  from  rest  along  a  gradient  of  1  in 
1,000  up. 

Maximum  tractive  force  exerted  by  the  engine,  12  tons. 

Maximum  indicated  horse-power  which  can  be  maintained 
during  the  accelerating  pei-iod,  1,200. 

Influence  of  ports  and  passages,  negligible. 

The  resistance  of  the  vehicles  to  be  calculated  from  Mr.  Aspinall's 
formula  for  a  15-coach  train,  namely — 

/  vS  \ 

Total  resistance  =  W„  I  2  •  5  -f  -^  j  pounds. 

The  total  resistance  of  the  engine  and  tender  to  be  taken  equal 
to  50  per  cent,  of  the  total  vehicle  resistance,  that  is  to  say  it  is 
33  per  cent,  of  the  total  resistance  of  the  whole  train. 
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Pig.  1. — Characteristic  Dynamical  Diagram  for 
Weight  of  Engine,  115  tons.    Weight 

12    TONS 
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',  Train.     Starting  from  rest  on  an  incline  of  1  in  1,000  up. 
if  Vehicles,  290  tons.     Weight  of  Train,  405  tons. 

12  TONS 


GRADIENT-  ^^U( 

— -f??T.°: 

2,240 


100   SPEED-FT.    PER    SEC. 
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(a)  Scales. — All  the  quantities  have  to  be  represented  in  the 
diagram  to  scales  which  are  related  to  one  another  in  a  definite 
way.  The  most  convenient  way  to  deal  with  the  scale  relations 
is  to  choose  some  unit  of  length  on  the  paper  and  express  every 
quantity  in  terms  of  it  thus  : — 

1  unit  of  length  on  the  paper  =  n  units  of  the  quantity  to  be 
represented. 

In  what  follows,  for  the  sake  of  generality  the  unit  of  length 
on  the  paper  will  be  referred  to  as  the  "  unit  of  length." 

(b)  The  Diagram. — Draw  two  axes  at  right  angles.  The  pai-t 
of  the  horizontal  axis  to  the  i-ight  of  the  origin  is  the  velocity  axis 
and  the  part  to  the  left  the  distance  axis. 

The  part  of  the  vertical  axis  above  the  origin  is  the  force  axis 
and  the  part  below  the  time  axis. 

The  first  step  is  to  construct  curves  of  resistance  and  tractive 
force,  in  order  to  obtain  the  value  of  the  force  which  is  available 
for  accelerating  the  train.  At  a  particular  speed  the  force  available 
for  accelei'ation  is  the  difFex'ence  between  the  tractive  force 
corresponding  to  the  horse-power  developed  in  the  cylinders  and 
the  whole  tractive  resistance  including  engine  friction. 

(c)  The  Accelerating  Force  /.- — Plot  the  two  parts  of  the  curve 
of  total  tractive  force  from  the  data  of  maximum  tractive  force 
and  i.h.p.  given  above.  If  R.  represents  the  total  resistance 
corresponding  to  the  maximum  i.h.p.  given  above  when  the  speed 
is  V  feet  per  second, 

'B.v  =  — 2  210       ft.-tons  per  second  ; 
from  which 

550  X  1,200^  295        ,  .,. 

R  =   o  o<a'  tons  =  — r,   ,-  tons  .  •     U) 

V  X  2,240  V  ft./sec.  ^   ' 

Points  on  Curve  1,  Fig.  1,  which  is  the  curve  of  total 
tractive  force,  are  plotted  from  this  expression.  The  curve  is 
continued  upwards  until  the  corresponding  ti-active  force  is  12  tons, 
the  limit  imposed  by  the  load    on   the  driving-wheels.      Draw   a 
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horizontal  line,  therefore,  at   12   tons,  rounding  off  the   junction 
between  it  and  the  curve  plotted  from  equation  (1). 

Next  plot  Curve  2  to  represent  the  tractive  resistance  of  the 
vehicles.     The  ordinates  are  calculated  from 

E„  =  290  |2-5  +  ^3  jA240  tons  .  .  .     (2) 

Plot  the  total  engine-resistance  upward  from  Curve  2  as  a 
base  from  any  formula  suitable  for  the  problem.  In  the  present 
case  it  is  taken  equal  to  half  the  total  vehicle-resistance. 

The  ordinate  he  is,  therefore,  equal  to  \  ah. 

The  ordinate  ac  represents  the  total  train-resistance  on  the 
level. 

From  Curve  3  as  base,  plot  the  constant  resistance  of  the 
gradient.     This  is  (115  -f  290)/l,000  =  0-4  ton  approximately. 

Curve  4  represents  the  total  train-resistance  due  to  the 
tractive  resistance  and  the  gradient  combined.  If  the  gradient  is 
down  instead  of  up,  the  ordinates  corresponding  to  the  gradient 
resistance  must  be  plotted  downwards  from  Curve  3,  so  that  the 
curve  of  total  resistance  would  then  fall  below  Curve  3. 

The  vertical  intercept  between  Curves  1  and  4  represents  the 
accelerating  force  /  as  a  function  of  the  speed.  Thus  the  intercept 
/  on  the  ordinate  ae  represents  the  magnitude  of  the  accelerating 
force  when  the  speed  is  that  represented  by  Oa. 

(d)  Limiting  Speed. — The  point  of  intersection  I  of  the  tractive 
force  Curve  1  and  the  total  resistance  Curve  4  fixes  the  speed  at 
which  the  accelerating  force  vanishes.  This  is  the  limiting  speed 
towards  which  the  train  approaches.  The  train  never  actually 
reaches  this  limiting  speed,  but  the  time  taken  to  reach  any 
assigned  speed  within  the  limit  as  well  as  the  distance  travelled 
by  the  train  during  that  time  can  easily  be  found,  as  will  be  seen 
below. 

Draw  a  vertical  II  through  the  point  of  intersection  I.  This  is 
an  asymptote  which  the  time-speed  curve  approaches  but  never 
reaches.  In  the  diagram  the  limiting  speed  for  the  conditions 
assumed  is  just  over  60  miles  per  hour. 


886  DYNAMICAL   DIAGRAMS   OF   A   TRAIN.  Oct.  1912. 

(e)  TTie  Time-Speed  Carve  7.  —  The  fundamental  dynamical 
relation  between  the  force  /,  the  mass  M  upon  which  it  acts,  and 
a  the  acceleration  produced  is 

f^Ua  =  M%     .  .  .  .     (1) 

Separating  the  variables 

M 
(It  =  jdv (2) 

so  that 

'=r~d^  ....  (3) 

^    0  V 

This  equation  could  be  integrated  directly  if  M//  (which  is  the 
reciprocal  of  the  acceleration)  could  be  expressed  as  a  continuous 
function  of  v  reducible  to  one  of  the  standard  forms. 

Whatever  be  the  form  of  the  function,  it  can  always  be 
integrated  graphically  by  the  following  process.  First  plot  M//. 
To  do  this  draw  a  series  of  ordinates ;  scale  off  each  value  of  /, 
and  plot  the  quotient  M//  (quickly  found  on  a  slide-rule) 
vertically  downwards  from  the  speed-axis  along  the  corresponding 
ordinate.  Curve  6  is  obtained  in  this  way.  It  is  plotted  to  the 
scale :  1  unit  of  length  =  10  units  (M//).  The  part  of  Curve 
5  from  0  to  60  feet  per  second  is  plotted  to  the  larger  scale : 
1  unit  of  length  =  1  unit  of  (M//).  The  mass  M  to  be  used  in 
these  calculations  is  that  equivalent  to  the  actual  weight  of  the 
train  increased  by  12*  per  cent,  to  allow  for  the  acceleration  of  the 
revolving  masses  ;  this  point  is  discussed  in  detail  below. 

The  total  weight  of  the  train  is  405  tons.  The  mass  M  to  be 
used  in  the  calculations  is  therefore 

(405  +  48)/j/  =  14. 

To  integrate  these  curves  graphically,  imagine  an  ordinate 
to  start  from  the  origin  0  and  to  move  to  the  right.  At  any 
instant  the  axis,  the  curve  and  the  ordinate  will  enclose  an  area 
like  the  area  marked  A  on  the  diagram.  This  area  suitably 
interpreted  with  regard  to  the  scales  represents  the  value  of  the 
integral   in  equation  (.3)  between  the  limits  v  =  0  and  the  value 

*  This  is  a  maximum  allowance. 
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of  the  velocity  at  which  the  ordinate  has  temporarily  stopped. 
The  area  therefore  represents  the  time  taken  by  the  train  to 
acquire  the  speed  corresponding  to  the  position  at  which  the 
ordinate  is  temporarily  stopped. 

Curve  5  is  used  as  long  as  it  falls  within  the  limits  of  the 
diagram,  after  which  the  process  is  applied  to  Curve  6, 

With  regard  to  the  scale  on  which  one  unit  of  area  represents 
seconds — 

1  unit  of  length  represents  10  units  of  velocity. 

1  unit  of  length  represents  1  unit  of  (M/jy)  on  Curve  5. 

So  that  1  unit  of  area  represents  10  seconds. 

Similarly  on  Curve  6,  1  unit  of  area  represents  100  seconds. 

Set  the  times  so  found  downwards  along  the  proper  ordinates, 
and  points  on  the  time-speed  curve  are  found.  Thus  the  area  A 
represents  130  seconds,  and  this  is  set  down  along  the  ordinate  lili, 
thus  determining  the  point  Ti  on  Curve  7. 

The  time-scale  may  be  chosen  arbitrarily.  In  the  diagram  it  is 
taken  so  that  1  unit  of  length  represents  50  seconds. 

(f)  The  Time-Distance  Curve  8. — The  velocity  v  is  equal  to  the 
rate  of  change  of  displacement  x.     That  is 

••  =  t w 

so  that 

dx  =  V  dt    .  .  .  .  ,     (5) 

from  which 

dt  ....      (6) 


=/?' 


The  velocity  ?;  as  a  function  of  the  time  has  just  been  found  and 
is  represented  by  Curve  7.  Integrate  this  cui've  graphically 
in  the  way  just  explained,  noting  that  the  area  to  be  integrated 
lies  between  the  curve  and  the  axis  of  time.  The  shaded  area 
marked  B  i*epresents  the  value  of  the  integral  between  the 
limits  t  =  0  and  t  =  50,  and  it  therefore  represents  the  distance 
travelled  in  50  seconds.  This  area  is  set  out  along  the  horizontal 
through  the  point  corresponding  to  t  ==  50,  thus  obtaining  thQ 
point  u  on  the  time-distaRce  curve, 

3  9 
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Regarding  scales, 

1  unit  of  length  =  10  feet  per  second. 

1  unit  of  length  =  50  seconds. 
Therefore,    1    unit   of   area  =  500   feet.     This   is   plotted   to   the 
arbitrary  scale  of  distance  :  1  unit  of  length  =  4,000  feet. 

By  the  aid  of  these  two  curves,  the  time  required  for  the  train 
to  acquire  the  speed  v  and  the  distance  travelled  during  the  time 
can  be  read  off.  For  example,  the  train  acquires  a  speed  of  77  feet 
per  second  (52  miles  per  hour)  in  about  275  seconds  and  travels 
over  the  distance  15,200  feet  (2  "9  miles)  during  the  period. 

(g)  The  Kinetic-Energy-Distance  Curve  10. — The  work  done  by 
the  accelerating  force,  namely, 


=/?■' 


\^  =   \fdx  .  .  .  .      (7) 

is  equal  to  the  energy  stored  in  the  train  during  its  motion  through 
the  distance  x^  feet. 

To  find  points  on  this  curve,  replot  the  accelerating  force  on  the 
distance  axis.  To  find  the  point  on  the  distance  axis  corresponding 
to  a  particular  value  of  the  accelerating  force  /,  continue  the 
direction  of  the  force  until  it  cuts  the  time-speed  curve  in  j ; 
through  j  draw  a  horizontal  to  cut  the  time-distance  curve  in  k  ; 
draw  a  vertical  through  k  and  set  out  the  magnitude  of  /  from  the 
point  p  at  which  it  cuts  the  distance  axis.  The  force-distance 
Curve  9  is  drawn  through  points  like  q  found  in  this  way. 
Integrate  this  curve  graphically,  thus  obtaining  Cvu-ve  10. 
The  shaded  area  marked  C  represents  the  value  of  the  integi'al 
in  equation  (7)  between  the  limits  x  =  0  and  x  =  15,200  feet, 
and  therefore  represents  the  kinetic  energy  added  to  the  train 
during  the  interval.  It  is  represented  by  the  ordinate  pm. 
Regarding  scales, 

1  unit  of  length  =  1  ton. 

1  unit  of  length  =  4,000  feet. 
Therefoi-e,  1  unit  of  area  =  4,000  foot -tons.     It  is  plotted  to  the 
arbitrary  scale  :    1  unit  of  length  =  5,000  foot-tons. 
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(h)  The  Speed- Distance  Curve  11. — This  curve  is  obtained  by- 
projecting  points  on  the  time-speed  Curve  7  horizontally  to  the 
time-distance  Curve  8,  thus  fixing  positions  on  the  distance  axis 
at  which  corresponding  values  of  the  speed  are  to  be  set  up. 
Thuspn  is  the  speed  corresponding  to  the  distance  15,200  feet. 

The  circumstances  of  the  train's  motion  are  thus  completely 
known  from  this  group  of  curves  which  together  form  the 
characteristic  dynamical  diagram  for  the  motion  of  the  train. 

(i)  Checks. — Checks  should  always  be  applied  to  test  the  accuracy 
of  the  work  and  the  correctness  of  the  chain  of  scales  used  in 
the  construction  of  the  curves.  There  are  two  checks  which  may- 
be easily  applied. 

The  first  check  is  to  calculate  the  energy  stored  in  two  difi"erent 
ways.  It  may  be  calculated  from  the  expression  Mw2/2.  It  is  also 
given  by  the  ordinates  of  Curve  10.  Hence  fixing  upon  a 
particular  value  of  the  distance,  measure  ofi"  the  speed  and  calculate 
the  corresponding  quantity  of  kinetic  energy.  This  should  agree 
with  the  quantity  scaled  ofi"  Curve  10.  The  velocity  corresponding 
to  point  a  on  Curve  10  is  80  feet  per  second  Therefore 
M«72  =  44,800  foot-tons.  From  the  curve  it  scales  44,700. 
Similarly  at  point  h  the  velocity  is  87  feet  per  second  and 
M«;72  =  52,900  foot-tons.  From  the  curve  it  scales  52,700.  The 
scales  involved  in  plotting  the  kinetic-energy  curve  are  the  force 
and  distance  scales.  Those  used  in  plotting  the  speed-distance 
curve  are  the  W/^r  scale,  the  time-scale,  and  the  distance-scale. 
Hence  the  agreement  shows  that  no  error  has  been  made  in  the 
deduction  of  the  scales. 

The  second  check  may  be  supplied  through  the  theoi^em  that 
the  subnormal  corresponding  to  any  point  on  a  speed-distance 
curve  represents  the  acceleration.     Thus  since 

,1  1        , .  dv        dv  dx  dv 

the  acceleration  =  ^-^  =-----  =  ?;—; 

dt         dx  dt  dx 

this  latter  expression  giving  the  subnormal  to  a  curve  of  velocity 
on  an  x  base. 

3  Q  2 
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In  the  diagram  sp  is  the  subnormal  to  the  velocity-curve  at  the 
point  n,  and  it  therefore  represents  the  acceleration  at  the  point 
and  therefore  the  force  /  when  M  is  known.  The  dimensions  of 
acceleration  in  terms  of  the  velocity  are  v^/Z. 

1  unit  of  length  =10  feet  per  second. 
1  unit  of  length  =  4,000  feet. 

Hence  1  unit  of  length  of  the  subnormal  represents  10^/4,000  units 
of  acceleration  =  1/40  foot  per  second  per  second,  and  since  the 
mass  is  14,  14/40  =  0-35  ton. 

The  subnormal  sp  measures  2  •  8  units,  and  therefore  represents 
a  force  of  0'98  ton.  Scaling  off  the  corresponding  force  it  is  found 
to  be  0  •  97  ton,  an  agreement  as  near  as  can  be  expected. 

4.  General  features  of  the  Dynamical  Diagram. 

The  diagram  brings  out  clearly  how  difficult  it  is  to  fix  the 
limiting  speed  of  a  particular  train.  There  would  be  no  difficulty 
if  the  engine  resistance  and  the  vehicle  resistance  were  known 
accurately,  and  if  in  addition  the  indicated  horse-power  developed 
in  the  cylinders  of  the  locomotive  could  be  predicted  with  accuracy. 
But  these  quantities  are  all  difficult  to  determine,  even  with 
approximate  accuracy,  and  each  is  subject  to  large  accidental 
variations. 

Another  point  to  notice  is  the  slowness  with  which  the  speed 
increases  in  the  neighbourhood  of  the  limiting  speed.  For  instance, 
in  the  diagram  half  the  limiting  speed — namely,  30  miles  per  hour — 
is  attained  in  65  seconds,  but  it  takes  about  330  seconds  to  reach 
55  miles  per  hour.  The  diagram  brings  out  the  necessity  for 
engines  with  large  powers  of  acceleration,  even  for  express 
services,  so  that  the  time  required  to  attain  the  running  speed  may 
be  reduced  to  a  minimum. 

The  same  point  is  illustrated  by  Curve  11,  which  shows  the 
velocity  plotted  on  a  distance-base.  The  speed  rapidly  increases 
whilst  the  train  is  passing  over  the  first  mile,  but  then  the  curve 
gets  flatter  and  flatter  and  the  increase  of  speed  per  mile  gets 
rapidly  smaller  and   spialler,      A   speed  of   55  miles  per  hour  its 
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acquired  whilst  passing  over  a  distance  of  about  3i  miles,  but  the 
increase  is  very  slow  afterwai-ds.  The  group  of  Curves  7,  8,  9,  10, 
1 1  are  all  related  to  one  another,  so  that,  given  any  one  of  them,  all 
the  others  may  be  deduced  from  it.  In  the  case  considered  above 
the  curves  were  derived  from  the  accelerating  force/ exerted  in  the 
engine  cylinders.  If  any  one  of  the  curves  were  given,  this 
accelerating  force  could  be  derived  from  it.  Curve  7  was  derived 
by  a  process  of  graphical  integration  from  Curve  6 ;  and  Curve  8 
was  obtained  by  graphical  integration  from  Curve  7.  Similarly 
Curve  10  was  obtained  by  graphical  integration  from  Curve  9. 

To  derive  the  curves  in  the  reverse  order,  namely,  9  from  10  or 
7  from  8  or  the  /  curve  from  7,  the  process  of  graphic  integration 
must  be  replaced  by  a  process  of  differentiation.  As  a  graphical 
process,  differentiation  is  not  so  satisfactory  as  integration.  But 
by  the  application  of  a  mixed  analytical  and  graphical  process, 
results  of  great  practical  value  may  be  obtained.  These  processes 
have  a  practical  importance  in  connection  with  the  reduction  of 
results  obtained  with  a  dynamometer-car. 

5.   Dynamometee-car  record  of  the  Riviera  Express  prom 
Paddington. 

By  the  kindness  of  Mr.  George  J.  Churchward,  Member  of 
Council,  the  author  is  able  to  illustrate  the  application  of  the  method 
to  the  record  of  the  10.30  a.m.  Riviera  Express  from  Paddington, 
taken  on  30  Nov.  1908.  On  this  date  the  weight  of  the  vehicles 
amounted  to  289  tons  when  the  train  left  Paddington.  The  engine 
"  Dog  Star,"  a  four-cylinder  simple,  type  4-6-0,  weighed  together 
with  the  tender  115  tons. 

A  portion  of  the  dynamometer-record  is  shown  full  size  in 
Fig.  2  (pages  892-3).  The  paper  is  drawn  under  the  recording  pens 
at  the  rate  of  1  foot  of  paper  per  mile  run  of  the  train.  A  wheel 
on  the  dynamometer  coach  is  provided  to  operate  the  winding 
mechanism,  and  this  wheel  was  accurately  turned  and  was  calibrated 
by  running  the  car  along  a  measured  mile.  It  will  be  seen  that 
there   are    seven    lines    on    the    diagram    above   the    datum   line. 
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Reckoning  from  the  datum  line,  the  first  line  .shows  the  draw-bar 
pull. 

The  second  line  is  traced  by  a  pen  normally  at  rest,  but  an 
observer  in  the  car  can  produce  a  kick  of  the  pen  by  pressing 
an  electric  button.  In  this  way  the  location  of  the  mile  posts  may 
be  recorded,  or  the  position  of  a  station  or  signal-box. 

Kicks  of  the  pen  tracing  the  third  line  are  produced  at  the  time 
an  indicator  diagram  is  taken  by  a  member  of  the  indicator-staff 
on  the  engine.  The  diagram  shows  the  kick  corresponding  to  the 
taking  of  No.  2  indicator  card. 

The  fourth  Kne  records  particulars  of  the  working  of  the  engine. 
An  observer  on  the  footplate  notes  any  change  in  the  conditions  of 
working  and  at  the  same  time  produces  a  kick  of  the  pen  tracing 
the  line,  and  in  order  to  identify  the  note  in  his  book  with  the 
kick  on  the  record,  he  signals  one  kick,  two  kicks,  up  to  four  kicks. 
Thus  it  will  be  seen  that,  when  the  note  was  made  that  the  boiler- 
pressure  was  205  lb.  per  square  inch,  and  that  the  regulator  was 
£  open  with  a  cut-off  of  19  per  cent.,  the  time  of  taking  the  note 
is  indicated  on  the  record  by  three  kicks.  The  next  signal  from 
the  engine  is  indicated  by  one  kick. 

The  fifth  line  is  an  indication  that  the  integrating  mechanism 
is  at  work.  The  integrating  mechanism  is  a  roller  and  disk 
integrator,  and  shows  the  amount  of  work  done  from  the  start  up 
to  any  point  of  the  run. 

The  sixth  line  is  traced  by  a  pen  connected  with  a  clock  in  such 
a  way  that  the  pen  kicks  at  intervals  of  5  minutes. 

The  seventh  line  is  also  traced  by  a  pen  connected  wdth  the  clock, 
but  the  pen  kicks  at  intervals  of  2  seconds.  Since  the  paper  moves 
under  the  pen  at  the  rate  of  1  foot  per  mile,  the  speed  of  the  train 
is  easily  deduced  from  this  line. 

The  record  for  the  complete  run  of  the  train  is  about  300  feet 
long.  The  portion  shown  corresponds  to  about  one  foot  of  the 
record  or  one  mile  of  the  run. 

The  complete  record  indicates  a  gradual  and  continuous  increase 
of  the  speed  from  Paddington  until  it  reached  70  miles  per  hour. 
The  train  then  ran  steadily  at  this  speed   until  required  to  slow 
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down  for  a  junction.     The  diagram,  Fig.  .3  (pages  896-7),  relates  to 
the  acceleration  period  only. 

6.  Reduction  of  the  Data  from  a  Dynamometer-car  record 
to  the  curves  of  the  dynamical  diagram. 

The  time-distance  Curve  A  in  Fig.  3  has  been  plotted  from  the 
data  of  the  complete  record  of  which  Fig.  2  is  a  part.  This  curve 
can  be  plotted  with  accuracy,  since  corresponding  values  of  the  time 
and  distance  are  deduced  easily  from  the  record  with  negligibly  small 
error.  The  velocity-time  Curve  B  may  be  derived  from  this  curve  by 
a  process  of  graphical  differentiation.  Thus  since  v  =  dx/dt,  and 
since  this  ratio  also  represents  the  slope  of  the  curve,  the  velocity 
corresponding  to  the  point  P,  say,  may  be  found  by  drawing  the 
tangent  to  the  curve  at  P  and  then  computing  its  slope.     At  P 

,  =  1^  =  PN  ^  2^  ^  72  feet  per  second. 
at         Nm  294  ^ 

This  velocity  is  set  out  at  NU,  and  a  point  U  on  the  velocity- 
time  Curve  B  is  thereby  obtained. 

This  method  is  not  susceptible  of  much  accuracy,  since  large 
errors  in  the  magnitude  of  dx/dt  are  produced  by  small  errors  in 
the  inclination  of  the  tangent,  and  it  is  almost  impossible  to  draw 
a  tangent  to  a  point  on  a  curve  without  error  in  the  inclination,  and 
in  the  region  of  the  origin,  with  the  type  of  curve  involved  in  the 
problems  under  consideration,  the  errors  become  so  large  that  the 
method  is  almost  valueless. 

A  better  way  of  deriving  B  from  A  is  to  take  a  series  of 
horizontals  at  a  distance  apart  corresponding  to  some  suitable  time- 
interval,  and  then  compute  the  ratio  of  corresponding  steps  of 
distance  dx  and  time  dt.  The  ratio  found  will  be  the  average  value 
of  the  velocity  during  the  time-interval  corresponding  to  the 
distance  step  dx.  Thus  referring  to  Fig.  3  the  distance  step  dx 
during  the  time-interval  dt  from  200  to  220  seconds  is  920  feet. 
The  average  velocity  during  the  interval  is  then 

4^  =  ?^  =  46  feet  per  second. 
dt  2U  ^ 
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Fig.  3.— Characteristic  Dynamical  Diagram  {deduced  from  the  Dynamometer-Car 
Engine  "  Dog  Star  "  4-6-0.     4  Cylinder  Simple.     Boiler  Pressure,  225  lb.  per  sq.  in. 

Each  Cylinder,  14^  inches  x  26  inches. 
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Record)  for  the  Riviera  Express,  10.30  a.m.  ex  Paddington,  on  30  November  1908. 
Weights,  Engine  and  Tender,  115  tons.     Vehicles,  289|  tons  to  Westbury. 
Coupled  Wheels,  6  feet  8^  inches  diameter. 


-fl=11-85    TONS 


,R  FOR  970    I.H.R 

R    ALLOWING    W^ /J  =  ^ /J- JVj; 

^ACCELERATION  RESISTANCE  OF  ENGINE  TO  BASE  D. 
OBSERVED  DRAW  BAR  PULL 
ACCELERATION  RESISTANCE  OF  VEHICLES 
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This  is  set  out  at  YV,  the  horizontal  passing  tlirough  the  point 
corresponding  to  210  seconds.  V  is  then  a  point  on  the  velocity- 
time  curve.  The  corresponding  steps  at  a  particular  point  of  time 
can  however  be  more  accurately  computed  from  the  dynamometer- 
record  itself,  unless  the  time-distance  curve  is  set  out  to  a  large 
scale.  The  dots  on  the  velocity-time  curve  were  fixed  by 
calculation  from  the  data  on  the  record. 

Observations  were  not  taken  before  the  speed  reached  about 
40  feet  per  second.  The  first  part  of  the  time-distance  curve  and 
consequently  the  time-velocity  curve  are  therefore  not  known  from 
observation.  The  part  of  the  velocity-time  curve  between  the 
origin  and  40  feet  per  second  can  however  be  drawn  in  with  fair 
accuracy  by  the  following  method. 

Two  things  are  known  about  this  part  of  the  curve :  fir.st,  its 
direction  at  A;  and,  secondly,  that  at  the  end  of  172  seconds  the 
train  has  actually  travelled  4,224  feet,  so  that  the  area  OAZ 
represents  the  distance,  4,224  feet.  The  records  show  that  there 
was  no  stop,  so  that  the  motion  and  therefore  the  curve  are 
continuous.  Hence,  draw  a  trial  curve  passing  through  the  origin 
and  passing  smoothly  into  the  established  part  of  the  curve  ending 
at  A.  Then  measure  the  area  OAZ.  If  it  is  found  to  be  4,224, 
the  first  trial  has  been  successful.  If  there  is  error,  the  shape  of 
the  curve  must  be  altered  to  increase  or  reduce  the  area. 

Since  the  acceleration  is  given  by  clv/dt,  its  value,  corresponding 
to  a  point  of  the  velocity-time  curve  B,  can  be  found  by  either  of 
the  methods  just  explained,  preference  being  given  to  the  second 
method.  By  way  of  example,  calculate  the  acceleration  at  the 
point  Y.  During  the  time  interval,  from  200  to  220  seconds, 
the  velocity  changes  3  feet  per  second.  Hence  acceleration 
=  3/20  feet  per  second  per  second.  This  applies  equally  to  the 
vehicles  and  the  engine.  The  pull  on  the  draw-bar  at  this  instant 
producing  the  acceleration  is  found  by  multiplying  this  by  the 
mass  of  the  vehicles.  Allowing  for  revolving  masses  the  mass  is 
10  W/g  units,  so  that  the  corresponding  draw-bar  pull  is  1*5  ton. 
This  force  is  represented  by  ah  in  the  diagram,  and  h  fixes  a  point 
on    Curve    C   which    is   sketched   in   to   show    the    draw-bar    pull 
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required  to  overcome  the  resistance  to  acceleration  during  the 
whole  of  the  period  from  the  start  to  the  region  of  uniform  speed. 
The  uniform  speed  attained  is,  from  the  records,  70  miles  per 
hour.     At  this  point,  therefore,  the  accelerating  force  vanishes. 

The  observed  magnitudes  of  the  draw-bar  pull  at  a  series  of 
speeds  are  given  in  Table  1  (page  896),  and  Curve  D  is  plotted  from 
these  data.  The  part  of  the  curve  which  is  dotted  was  fitted  in, 
allowing  17  lb.  per  ton  at  the  start  and  then  'joining  it  on  to 
the  established  curve  at  40  feet  per  second. 

The  vertical  distance  between  the  Curves  C  and  D  corresponding 
to  a  particular  speed  represents  the  total  resistance  of  the  vehicles 
at  that  speed.  Thus  at  a  speed  of  65  feet  per  second  the  total 
resistance  is  about  1'5  ton  corresponding  to  11  "6  lb.  per  ton.  At 
this  speed  the  resistance  to  acceleration  is  about  1  ton.  The  draw- 
bar pull  recorded  is  2*5  tons.  Using  Curve  D  as  a  base,  plot 
Curve  E  to  represent  the  resistance  to  acceleration  of  the  engine. 
The  mass  of  the  engine,  allowing  for  revolving  parts,  is 
appi-oximately  4  W /g  units.  Thus  any  ordinate  as  cd  is  4/10  of  the 
corresponding  ordinate  ah. 

If  data  were  available  for  plotting  the  Curve  F,  which  represents 
the  tractive  force  corresponding  to  the  i.h.p.,  the  vertical  distance 
between  Curves  E  and  F  at  a  particular  speed  would  represent  the 
engine-resistance  at  that  speed.  Two  values  of  the  tractive  force 
equivalent  to  the  i.h.p.  are  plotted  at|  the  speeds  at  which  the 
diagrams  were  taken,  namely,  at  65  feet  per  second  and  at  80  feet 
per  second  calculated  from 

2240  u 
V  is  here  in  feet  per  second. 

In  the  one  case  whei-e  the  i.h.p.  was  970,  E,  is  3*65  tons,  and  in 
the  second  case  where  the  i.h.p.  is  1046,  R  is  3*2  tons.  The 
engine-resistance  at  65  feet  per  second  reduces  to  15 '6  lb.  per 
ton.  The  total  engine-resistance  at  this  point  is  roughly  about  half 
the  total  resistance  of  the  vehicles.  The  Curve  F  is  sketched  in  on 
the  assumption  that  this  ratio  is  approximately  true  at  all  speeds. 
It  will  be^understood  that  the  dotted  parts  of  the  Curves  A,  B,  C,  D? 
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E,  and  F  are  conjectural,  but  that  the  dotted  part  of  B  is  so  far 
correct  that  the  corresponding  area  does  represent  the  distance 
travelled  by  the  train  in  the  time  172  seconds,  as  it  ought  to  do, 
and  that  its  direction  at  A  is  correct.  A  Curve  G  of  tractive  force 
corresponding  to  the  constant  horse-power  970  is  drawn  on  the 
diagram ,'^and  is  continued  to  meet  the  maximum  tractive  pull  which 
the  engine  can  exert,  namely,  11*85  tons.  Comparing  Curve  G 
with  Curve  F,  it  will  be  seen  that  although  the  dotted  part  of 
F  is  conjectural,  yet  it  is  sufficiently  correct  to  show  that  the  engine 
had  a  large  reserve  and,  if  necessary,  could  have  accelerated  the 
train  at  a  greater  rate,  or  could  have  equally  accelerated  a  heavier 
train  at  the  same  rate. 

The  advantage  gained  by  reducing  the  dynamometer-car  records 
in  this  way  is  that  accidental  errors  are  smoothed  out,  and  that  a 
comprehensive  view  is  obtained  of  the  working  of  the  engine, 
and,  moreover,  the  vehicle-resistance  can  be  deduced  with  greater 
accuracy  from  the  curves  than  from  isolated  calculations.  If,  also,  it 
were  possible  to  get  rehable  values  of  the  i.h.p.  at  a  series  of  speeds, 
the  engine-resistance  could  be  deduced  as  well. 

The  resistance  of  the  vehicles  and  of  the  engine  are  seen  to  be 
low  at  the  high  speeds,  and  the  author  considers  that  the 
performance  of  the  locomotive  is  remarkable.  To  exert  a  draw- 
bar pull  of  Ij  ton  at  70  miles  per  hour  {see  Table  1,  page  896), 
corresponding  to  730  horse-power  at  the  draw-bar,  is  an  achievement 
in  locomotive  design  which  it  would  be  difficult  to  surpass  within 
the  Umits  of  the  British  loading-gauge. 

7.  Braking. 

There  is  a  characteristic  diagram  corresponding  to  the  braking 
period  of  the  same  general  type  as  that  for  the  period  of  acceleration. 
The  forms  of  the  curves  now  depend  mainly  upon  the  pressure 
between  the  brake-blocks  and  the  tyres,  that  is  to  say  upon  the 
pull  exerted  by  the  brake-rods  on  the  brake-levers.  Since  this  pull 
depends  entirely  upon  the  way  in  which  the  driver  regulates  the 
pressure  in  the  air-pipes  of  the  train,  the  curve  representing  the 
pull  as  a  function  of  the  velocity  is  about  as  arbitrary  in  form  as  a 
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curve  can  well  be.  Nevertheless  there  are  some  useful  fundamental 
principles  in  connection  with  the  braking  of  a  train  which  are 
brought  out  by  drawing  a  diagram  from  an  assumed  form  of 
the  curve. 

When  steam  is  shut  off,  the  motion  of  the  train  is  continued 
against  the  resistances  by  the  gradual  exhaustion  of  the  stock 
of  kinetic  energy  stored  in  the  train.  The  principle  of  the 
conservation  of  energy  applied  to  this  problem  may  be  stated  thus  : — 

The  rate  at  which  the  kinetic  energy  of  the  train  is  reduced  = 
the  rate  at  which  it  is  changed  into  potential  energy  by  a  gradient  + 
the  rate  at  which  it  is  transformed  into  heat  by  friction. 

(a)  Braking  of  a  Wheel-Element. — At  first  it  is  convenient  to 
restrict  one's  attention  to  a  wheel-element  composed  of  a  wheel 
carrying  a  load.  The  total  weight  of  the  wheel-element  is  the 
weight  which  would  be  recorded  against  the  wheel  if  the  vehicle 
stood  on  a  weigh-bridge  provided  with  a  separate  steelyard  for 
each  wheel.  For  practical  purposes  this  weight  may  usually  be 
regarded  as  equal  to  the  total  weight  of  the  vehicle  divided  by  the 
number  of  wheels  supporting  it.  Let  this  weight  be  W  tons.  Let 
I  be  the  moment  of  inertia  of  the  wheel  about  its  axis ;  r  its 
radius  ;  h  its  radius  of  gyration. 

The  total  store  of  kinetic  energy  in  the  wheel-element  is 

-n,  M.V-  Ice-  /-.x 

E  =  -2-  +  -2-      •  •  •  •      (1) 

In  this  expression  the  first  term  represents  the  energy  of 
translation  of  the  mass  M  =  W/^,  and  the  second  term  represents 
the  rotatory  energy  stored  in  the  wheel. 

The  rate  at  which  this  stock  of  energy  is  reduced  is  found  by 
difi'erentiating  the  expression  with  regard  to  the  time  thus : — 

'^  =  Uvv  +  Iwo)   .  .  .  .      (2) 

This  is  the  rate  at  which  energy  is  used  to  drive  the  wheel-element 
against  the  resistances.  In  an  actual  train  every  wheel  temporarily 
becomes  a  driving-wheel,  just  as  though  it  formed  part  of  a 
locomotive,  but,  instead  of  beingi driven  by  energy  derived  from  the 
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fuel,  it  is  now  driven  by  energy  withdrawn  from  the  limited  stock 
stored  in  the  train  by  virtue  of  its  motion. 

The  rate  at  which  energy  is  transformed  into  heat  by 
resistances  of  the  nature  of  friction  reduced  to  the  wheel  of  the 
element  miay  be  analysed  into  three  terms,  namely  : — 

(1)  The  rate  at  which  worJc  is  done  against  the  natural  resistances 
to   the   motion  of  the  wheel-element. — If   W  is   the  weight   of   the 

element  and  r„  the  resistance  to  motion  m  pounds  per  ton,  -^Jr^. 

is  the  couple  in  foot-tons  against  which  the  wheel  is  turned,  and 

the  rate  at  which  work  is  done  is       °       =  hoy,  where  h  represents 

the  couple  and  w  the  angular  velocity  of  the  wheel. 

(2)  The  rate  at  which  work  is  done  against  the  frictional  resistance 
of  the  hrahe-hlocJcs. — If  a  brake-block  is  pressed  against  the  tyre 
with  a  pressure  P  in  tons,  and  fji^  is  the  coefficient  of  friction  between 
the  block  and  the  tyre,  the  corresponding  frictional  couple  opposing 
rotation  is  F/x.^r,  and  the  rate  at  irhich  energy  is  expended  against 
this  is  P/X2rw  =  Bw,  where  B  represents  the  couple  due  to  the 
application  of  the  brake-block. 

(3)  The  rate  at  ichich  icork  is  done  against  the  frictional  resistance 
at  the  tread  as  the  wheel  slips. — If  v  is  the  speed  of  the  train  in 
feet  per  second,  v/r  is  the  corresponding  angular  velocity  of  the 
wheel  if  it  rolls  along  without  slipping,  and  therefore  {v/r  —  w)  is 
the  relative  velocity  of  slip  against  the  couple  W/Aj^r,  where  /x^  is 
the  coefficient  of  friction  between  the  tyre  and  the  rail ;  hence  the 
rate  at  which  energy  is  expended  against  this  is 

W/i-ir  (I'/r  —  w)  =  s  (v/r  —  w), 

where  s  is  the  resisting  couple  which  is  brought  into  action  when 
slipping  takes  place. 

Finally,  the  rate  at  which  energy  is  transformed  into  potential  energy 
by  a  gradient  rising  one  foot  vertically  for  G  feet  horizontally  is 
W«;/G  foot-tons  per  second.     The  energy  equation  is  therefore 

Uvb  +  lojw  =  w(B  +  b)  -f  s{vlr  -  cu)  ±  Wi'/G      .      (3) 

Jn  this  equation  w  is  the  angular  velocity  of  the  wheel  assumed 
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to  be  slipping,  and  v  is  the  speed  of  the  train.  If  the  wheel  runs 
without  slipping  v/r  =  w ;  i)/r  =  w  and  the  equation  reduces  to 

Mb  +  Ib/r^'  =  (B/r  +  h/r)  ±  W/G       .  .      (4) 

In  both  (3)  and  (4)  the  +  sign  is  to  be  used  before  the  last 
term  if  the  train  is  running  up  a  gradient,  and  the  —  sign  if 
running  down. 

The  couple  B  may  be  regarded  as  the  sum  of  two  couples, 
namely,  one,  represented  by  B^,  which  produces  a  f rictional  resistance 
against  which  the  linear  energy  of  the  train-element  is  reduced ; 
the  other,  Bg,  producing  the  frictional  resistance  against  which 
the  rotational  energy  of  the  wheel  is  reduced ;  and  further  Unear 
motion  may  be  separated  from  the  angular  motion,  so  that 

Mi  =  BJr  +  h/r  ±  W/G     .  .  .     (5) 

and 

Iv/r  =  B,  .  .  .  .      (6) 

Considering  equation  (5)  the  terms  B^/r  and  h/r  cannot  together  be 
greater  than  W/x^,  because  the  motion  of  the  wheel-element  being 
maintained  by  the  exhaustion  of  the  linear  energy  against  these 
resistances,  the  wheel  will  begin  to  slip  immediately  the  resistance 
reduced  to  the  rail  is  greater  than  W/a^. 
"FT  ft  n  Oft 

M.V  =  Wfji^  ±  W/G  .         .         .     (7) 

is  an  equation  which  gives  the  maximum  retardation  v  which  can 
be  appKed  to  the  train. 

Let  P^  denote  the  pressure  applied  to  the  brake  -  blocks 
corresponding  to  the  couple  Bj,  and  Pg  to  the  couple  B2  so  that 


and 

and  as  shown  above 


b         Wr„ 


r  ~  2,240 
Then  combining  equations  (5)  and  (7)  with  these  relations 

W(/xi  ±  1/G)  =  P1/X2  -f  Wr„/2,240  ±  W/G        .     (8) 

3  B 
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From  which  Pj,  the  pressure  which  may  be  applied  to  the  brake- 
block  for  the  reduction  of  the  linear  energy  alone,  is 

P.  =  {''.-.|ro}^       •       •      •    (9) 

Similarly  from  equation  (6) 

P2    =    IvIlX^T-^        .  .  .        (10) 

The  total  pressure  corresponding  to  the  couple  B  is  then 
P  =  Pi  -f  Pg  and  this  is  the  value  of  P  when  the  wheels  are  just 
on  the  point  of  slipping. 

In  applying  these  equations,  the  maximum  retardation  consistent 
with  an  appropriate  value  of  //.^  and  a  given  gradient  is  first  to  be 
calculated  from  (7).  This  value  substituted  in  (10)  together  with 
an  appropriate  value  of  /x^  gives  the  value  of  Pg.  Pj  is  calculated 
from  (9). 

If  a  pressure  is  applied  to  the  brake-blocks  larger  than  P  the 
wheel  would  slip.  A  smaller  value  would  produce  less  than  the 
possible  maximum  retardation,  but  would  provide  a  margin  against 
slipping. 

It  will  be  observed  that  the  instantaneous  value  of  P  depends 
upon  four  quantities  of  a  variable  nature,  namely : — 

fly  the  coefficient  of  friction  between  the  tyre  and  the  rail. 

/i.2  the  coefficient  of  friction  between  the  brake-blocks  and  the 

tyres. 
r„  the  train-resistance. 
G  the  gradient. 

With  regard  to  fi^,  its  value  depends  not  only  upon  the  velocity 
of  rubbing  between  the  block  and  the  tyre  but  upon  the  time. 
Thus,  quoting  from  the  classical  experiments  of  Sir  Douglas  Gal  ton, 
the  observed  coefficient  of  friction  between  a  cast-iron  brake-block 
and  a  steel  tyre  when  the  brake  was  applied  to  the  wheels  of  a  train 
kept  moving  at  an  approximately  uniform  speed  of  20  miles  per  hour 
was  0'18.  After  5  seconds  this  had  fallen  to  0*15,  and  after 
5  seconds  more  to  0*13,  whilst  20  seconds  after  application  it  had 
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fallen  to  0*1.  Other  values  are  given  in  Table  2  (page  912),  which 
is  quoted  from  the  Proceedings  *  of  this  Institution. 

The  static  value  of  /u.^,  the  coefficient  of  friction  between  the  wheel 
and  the  rail,  is  variable,  but  for  most  pvirposes  maybe  taken  at  0*2. 
If  the  wheel  is  skidded,  the  value  of  the  coefficient  of  friction  is 
a  function  of  the  velocity  of  sliding,  but  is  not  so  markedly  affected 
by  the  time  as  in  the  case  of  brake-blocks.  At  60  miles  per  hour 
Sir  Douglas  Galton  found  that  the  coefficient  of  friction  of  a  steel 
tyre  skidded  on  a  steel  rail  was  about  0*027,  increasing  gradually 
as  the  speed  decreased,  until  just  before  stopping  it  was  0*242. 

The  quantity  r„  is  a  function  of  the  speed,  and  G  is  variable, 
but  the  effect  of  both  quantities  is  small  in  compai'ison  with  the 
resistance  produced  by  the  brake-blocks. 

(b)  A  vehicle  composed  of  n  similar  wheel-elements  of  ivhich  m 
are  hraJced. — A  vehicle  may  be  regarded  as  composed  of  a  number 
of  wheel-elements,  and  if  each  one  of  them  is  braked  the  equations 
above  apply  to  the  vehicle  as  a  whole,  that  is  to  say  the  maximum 
retardation  is  the  value  v  calculated  from  equation  (7),  and 
equations  (9)  and  (10)  furnish  the  corresponding  values  of  P^ 
and  Pg,  remembering  that  in  these  equations  W  is  the  total 
weight  of  the  vehicle  divided  by  the  number  of  wheels  and  I  is 
the  moment  of  inertia  of  one  wheel.  The  size  of  the  brake-levers 
and  the  brake-cylinder  may  then  be  proportioned  to  the  maximum 
value  of  P  required.  In  some  cases,  however,  some  of  the  train- 
elements  forming  a  vehicle  are  not  provided  with  brake-blocks. 

Consider  the  case  of  a  vehicle  composed  of  n  similar  wheel- 
elements,  m  of  which  are  braked,  so  that  the  retardation  of  the 
n  elements  is  determined  by  the  brake-power  on  m  of  them. 

With  regard  to  the  m  braked  elements,  equation  (7)  gives 

W 
mMi;  =  ra("W"/ii  ±  q:  ) (11) 

With  regard  to  the  (n-m)  unbraked  elements,  the  only  retarding 
lorces  are  2240   ^^®  train  resistance  and   the    gradient  resistance^ 

*  Proc,  I.  Mech.  E.  1878,  page  590. 

3  R  2 
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and  assuming  the  train  resistance  to  act  at  the  tread  of  the 
wheel,  and  that  both  it  and  the  gradient  act  to  reduce  the  linear 
energy  only 

{n-m)Mv  =  {^±^){n-^)     .  .  .  .  .     (12) 

Adding  these  two  equations  together  and  solving  for  v,  the 
maximum  retardation  is  given  by 

.;  =  |mM,  +  (n-m)p^±^^g  ....      (13) 


In  most  cases  this  can  be  simplified  to 


(14) 


since  the  second  terms  in  the  numerator  are  small  in  comparison 
with  the  first  term.  For  example,  suppose  an  8-wheeled  vehicle 
to  consist  of  eight  similar  wheel-elements  and  that  the  total  weight 
is  32  tons.  Further,  assume  that  four  wheels  only  of  the  eight  are 
braked  so  that  n  =  8  and  w  =  4.  Also  let  /•„  be  taken  constant  at 
12  lb,  per  ton,  jn^  =  ^,  and  let  the  stop  be  made  on  a  rising  gradient 
of  1  in  300,  so  that  G  =  300.     Then  from  (13) 

(4/5  +  12  X  4/2,240  +  8/300)32        (0-8  +  0-02  +  0-026)32 

V  =  8  =  8        ~^ 

=  3*4  feet  per  second  per  second. 
Calculated  from  (14)  v  =  3*2  feet  per  second  per  second. 

This  shows  that,  in  cases  where  the  brake-power  applied  is  near 
the  maximum,  the  maximum  retardation  can  be  calculated  from 
(14)  without  serious  error. 

(c)  An  engine  composed  of  n  dissimilar  wheel-elements. — When  a 
vehicle  is  made  up  of  dissimilar  wheel-elements,  equation  (14)  may 
be  put  in  a  more  convenient  form,  a  form  which  in  practice  applies 
mainly  to  locomotives. 

Let  W  be  the  total  weight  of  the  engine  and  tender. 

10  be  the  weight  on  the  unbraked  wheels  of  the  engine  and 
tender. 

Then7}  =  g<^-"^)^^ (15) 

w 
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The  instantaneous  pressure  P  to  be  applied  to  each  wheel  can 
then  be  found  by  first  calculating  Pj  from  equation  (9),  substituting 
for  the  W  therein  the  weight  on  the  wheel  together  with  appropriate 
values  of  fi^  and  /A2,  and  then  adding  to  this  Pg  calculated  from 
(10),  using  the  value  of  v  found  from  (15). 

The  practical  difficulty  in  connection  with  these  calculations  is 
that  [X2  is  a  function  of  the  speed,  and  therefore  to  maintain  the 
maximum  conditions,  namely,  that  (B  +  h)  should  be  equal  to  Wfii, 
the  pressure  P  must  be  reduced  as  the  speed  decreases.  This  is 
illustrated  in  the  characteristic  diagram  (page  910). 

8.    Tension  on  a  Draw-Bar  due  to  unequal  braking  of 
Engine  and  Train. 

When  two  unequally-braked  vehicles  are  coupled  together,  the 
appHcation  of  the  brake  produces  a  tension  in  the  draw-bar  (or 
a  compression  of  the  buffers)  which  in  extreme  cases  may  be 
serious  enough  to  cause  the  draw-bar  to  break  or  to  cause  a 
derailment. 

Consider  two  vehicles  of  mass  A  and  B  respectively  coupled 
together.  Let  a  be  the  retardation  which  would  be  produced  by 
the  application  of  the  brakes  to  the  vehicle  A  alone.  Let  b  be 
the  retardation  which  the  appHcation  of  the  brakes  would  produce 
on  vehicle  B  alone.  Let  c  be  the  common  retardation  actually 
produced  when  the  vehicles  are  coupled  together,  and  let  T  be  the 
tension  in  the  draw-bar. 

When  the  brakes  are  applied,  the  force  actually  acting  on  the 
vehicle  A  to  retard  its  motion  is  Aa  due  to  the  appHcation  of  the 
brakes  and  T  due  to  the  draw-bar  tension,  so  that 

Aa  -f  T  =  Ac  .  .  .  .     (1) 

Similarly,  the  force  acting  to  retard  the  motion  of  B  is  B6  minus 
the  draw-bar  tension,  so  that 

B6  -  T  =  Be  .  .  .     (2) 

EHminating  c 

_  AB(b-a) 
^   -       A  +  B  •  •  •  •      K^J 
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and  eliminating  T 

Aa  +  B&  ... 

«  =  -Ar+-B-        •        •        •        •    (4) 

In  these  equations  A  and  B  are  respectively  the  weights  of  the 
vehicles  divided  by  g. 

By  way  of  example,  calculate  the  tension  on  the  draw-bar 
between  the  engine  and  the  tender  corresponding  to  maximum 
retardation  on  the  level  in  the  case  of  an  engine  of  the  4-4-0 
type  with  bogie-wheels  unbraked,  coupled  to  a  tender  and  a  train 
with  all  the  wheels  braked,  from  the  following  data : — 

Total  weight  on  bogie- wheels  =  16  tons.  Total  weight  of 
engine  =  46  tons.  Weight  of  tender,  36  tons.  fXi  =  1/5.  Weight 
of  vehicles  behind  tender,  284  tons.  Then  the  maximum  retardation 
which  the  brakes  on  the  coupled  wheels  can  produce  on  the  engine 
calculated  from  equation  (15)  is 

V  =  a  =  —gQ      g —  =  4  •  2  feet  per  second  per  second. 

The  corresponding  retardation  produced  by  the  tender  and 
train  brakes  on  the  tender  and  train  calculated  from  (7)  is 

i)  =  gfi  =  Q'4:  feet  per  second  per  second. 

Hence  from  (3) 

_   46  X  320J6-4-4^)   _ 

-■-  -       g  {^e  +  320}       -  ^  «^oJis, 
and  c  the  common  retardation  is  from  (4) 

46  X  4-2 +320x6-4         ^    ,   .     ^  ,  , 

c  =  Qgg =6*1  teet  per  second  per  second. 

It  should  be  understood  that  in  practice  these  maximum 
retardations  are  not  produced,  but  it  will  be  seen  from  equation  (3) 
that,  since  the  tension  on  the  draw-bar  depends  upon  the  difference 
of  the  retardations  a  and  h,  a  large  tension  may  be  produced  on  the 
draw-bar  when  the  actual  values  of  the  retardations  are  small. 

9.  Characteristic  Dynamical  Diagram  for  a  Train  stopping 
from  a  speed  of  60  miles  per  hour. 
The  principles  underlying  the  practice  of  braking  are  generally 
illustrated  by  the  diagram,  Figs.  4  and  5  (page  910).     The  train  is 
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assumed  to  be  made  up  of  similar  wheel-elements  similarly  braked. 
The  diagram  is  drawn  for  one  wheel-element,  since  the  characteristics 
of  the  motion  of  one  wheel-element  during  a  stop  are  identical  with 
the  characteristics  of  the  motion  of  a  train  composed  of  a  number  of 
similar  wheel- elements.  The  weight  of  the  element  is  assumed  to 
be  4  tons,  and  the  moment  of  inertia  of  the  wheel  and  half  axle 
belonging  to  it  is  taken  to  be  0*86  ton-foot^  units. 

Consider  first  the  exhaustion  of  the  translational  energy  of  the 
element.  Part  of  the  energy  is  exhausted  against  the  resistance 
due  to  the  motion  of  the  element  along  the  rail  and  to  the 
resistance  produced  by  the  application  of  the  brake-blocks  to  the 
wheel,  and  the  motion  of  the  element  is  maintained  against  these 
resistances  by  means  of  energy  withdrawn  from  the  kinetic  energy 
of  the  element.  Energy  is  also  dissipated  in  overcoming  the 
resistance  of  the  gradient.  It  is  assumed  that  the  wheel  will  slip 
when  the  sum  of  the  train-resistance  and  the  brake-block 
resistance  reduced  to  the  rim  of  the  wheel  is  equal  to  1  ton.  This 
corresponds  to  a  value  of  ix^,  between  the  wheel  and  the  rail  of  0'25. 
Curve  1  is  drawn  parallel  to  the  speed  axis  in  Fig.  5  to  represent 
this  resistance.  In  doing  so,  the  assumption  is  made  that,  when  the 
resistance  at  the  rail  reaches  this  value,  the  wheel  will  slip  whatever 
be  the  speed.  Further,  let  it  be  assumed  that  the  sum  of  the 
frictional  resistances  reduced  to  the  wheel-rim  never  exceeds  three- 
quarters  of  this  value,  in  order  to  allow  a  margin  against  slipping. 
Curve  2  is  drawn  to  represent  this  value,  and  it  is  assumed  to 
increase  gradually  from  ^^  of  a  ton  at  the  beginning  of  the  stop 
to  f  of  a  ton,  and  then  to  decrease  gradually  to  j^^  of  a  ton  at  the 
actual  moment  of  stopping.  The  form  of  the  curve  is  of  course 
quite  arbitrary,  and  depends  upon  the  way  in  which  the  pressure 
between  the  brake-blocks  and  the  tyres  is  regulated  by  the  driver. 

The  chain-dotted  lines  near  the  axis  show  the  part  contributed 
by  the  normal  ti-ain-resistance  and  the  gradient  resistance,  from 
which  it  will  be  seen  that  in  comparison  with  the  resistance 
produced  by  the  brake-blocks,  their  influence  on  the  stop  is 
negligible,  except  in  exceptional  cases,  such  for  instance  as  when 
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Figs.  4  and  5. 

Characteristic  Dyna/tnical  Diagram  for  a  Stop  from  a  Speed  of  60  rnilesper  hour 

Every  wJieel  is  similarly  braked. 

Fig.  4. 


Fig.  5. 


Oct.   1912.  DYNAMICAL    DIAGRAMS    OF    A    TRAIN.  911 

the  gradient  is  steep,  and  the  number  of  braked  wheels  in  the 
train  relatively  few. 

"With  passenger-trains  stopping  in  normal  conditions  of  weather 
on  gradients  usually  found  on  a  main  line,  and  with  a  large 
proportion  of  the  wheels  braked,  the  whole  resistance  against  which 
the  translational  energy  is  exhausted  may  be  regarded  as  produced 
by  the  application  of  the  brake-blocks  alone. 

Ordinates  to  Curve  2  may  therefore  be  taken  to  represent 
the  product  of  the  pressure  P^  and  the  coejBficient  of  friction   fx^^. 

Let  Pi^2  =  /• 

The  process  of  finding  the  time-speed  curve  and  the  time- 
distance  curve  for  the  stop  is  from  this  point  exactly  the  same  as 
the  process  explained  above  in  connection  with  Fig.  1  (pages  882-3), 
with  the  difference  in  detail  that  in  this  case  it  is  the  actual  mass 
of  the  wheel-element  which  is  to  be  used,  without  any  increase  to 
allow  for  the  rotatory  energy  in  the  wheel.  This  is  considered 
separately  below. 

The  mass  is  thus  4/32  =  0"125  unit.  Curve  3  is  plotted 
from  M//=  0'125//,  and  /  is  scaled  from  Curve  2.  This  curve 
integrated  with  regard  to  the  speed  gives  the  time-speed  Curve  4, 
and  Curve  4  integrated  with  regard  to  the  time  gives  the  time- 
distance  Curve  5. 

It  will  be  seen  from  these  two  curves  that  the  train  is  stopped 
from  60  miles  per  hour  in  21  seconds,  and  during  that  period  it 
passes  over  a  distance  of  925  feet. 

Curves  1  to  5  constitute  the  dynamical  diagram  for  the  stop. 
In  order  to  produce  the  frictional  resistance  represented  by  Curve  2, 
the  pressure  which  is  applied  to  the  brake-blocks  must  be  varied 
as  the  coefficient  of  friction  fx^  varies. 

Curve  6  shows  the  value  of  the  coefficient  of  fi'iction  between 
cast-iron  brake-blocks  and  steel  tyres  plotted  as  a  function  of  the 
speed  from  data  given  in  Table  2  (page  912).  These  data  must  not 
be  taken  as  generally  applicable  to  all  cases,  but  rather  as  showing 
the  order  of  variation  which  may  be  expected.  The  curve  itself 
represents  values  of  ^i.,  actually  found  for  cast-iron  blocks  on  steel 
tyres  during  experiments  carried  out  with  extreme  skill  and  care, 
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with  specially  constructed  apparatus  on  the  London,  Brighton  and 
South  Coast  Railway. 


TABLE  2. 

The  value  of  the  coefficient  of  friction  between  cast-iron  hrahe-hlocks  and 
steel  tyres  in  terms  of  the  speed  and  the  time.  Quoted  from 
Captain  Douglas  Galton's  Paper  on  the  "  Effect  of  Bailivay 
Brakes,"  Proc.  Inst.  Mech.  Engineers,  Oct.  1878,  pjage  599. 


Dynamic 
Friction. 

Speed  in 

i  Value  of  the  coefficient  of  friction,  /u,. 
^t  be- ,                         4^^^ 

Cast-iron  on 
Steel. 

Ft.  per 
second. 

Miles 
per  hour. 

ginning 

of 
expts. 

5  sees. 

1 
10  sees.  15  sees. 

20  sees. 

Just    before'l 
coming  to  rest/ 

1  to3 

2/3  to  2 

! 

0-25 

— 

— 

— 

— 

When  moving  at 

10 

6-8 

0-242 

— 

— 

— 

— 

20 

13-6 

0-213 

0-198 

— 

— 

— 

, 

25 

17-0 

0-205 

0-157 

— 

0-110 

— 

30 

20-4     1 

0-182 

0-152 

0-133 

0-116 

0-099 

40 

27-3 

0-171 

0-130 

0-119     0-081 

0-072 

, 

45 

30-7 

0-163 

0-107 

0-099        — 

— 

, 

50 

34-1 

0-153 

— 

—           — 

— 

> 

55 

37-5     j 

0-152 

0-096 

0-083     0-069 

— 

. 

60 

40-9 

0-144 

0-093 

— 

— 

. 

70 

47-7 

0-132 

0-080 

0-070        — 

— 

, 

80 

54-5 

0-106 

— 

—        0-045 

— 

> 

> 

88 

60-0 

0-072 

0-063 

0-058        — 

— 

If  any  ordinate  of  Curve  2  which  gives  Pi/i.2  be  divided 
by  the  corresponding  ordinate  of  Curve  6  which  gives  fi^,  the 
quotient  is  the  value  of  the  pressure  P^  which  must  be  appUed 
to    the   brake-block   to   actually  produce    the    resistance  shown  in 
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Curve  2.  Curve  7  has  been  plotted  in  this  way.  Owing  to  the 
small  value  of  [x^  at  60  miles  per  hour,  a  considerable  pressure 
is  required  to  skid  the  wheels  at  this  speed.  For  example,  to 
produce  the  skidding  resistance  of  1  ton  would  require  a  pressure 
of  nearly  14  tons  on  the  brake-blocks,  but  just  before  stopping, 
where  the  coefficient  of  friction  is  about  0*25,  a  pressure  of  4  tons 
would  skid  the  wheels.  In  the  example,  a  pressure  is  assumed 
to  be  applied  to  one  bi-ake-block.  If  there  are  two  brake-blocks, 
the  same  frictional  resistance  is  produced  by  half  the  pressure 
appKed  to  each  block. 

The  values  of  the  pressure  shown  in  Curve  7  are  those  required 
to  produce  the  friction  necessary  to  abstract  the  translational 
energy  from  the  wheel-element.  The  pressure  must  actually  be 
increased  as  shown  by  Curve  8,  the  extra  pressures  being  required 
to  produce  a  frictional  couple  equal  and  opposite  to  the  couple 
corresponding  to  the  angular  retardation  of  the  wheel.  With 
no  slipping,  the  angular  retardation  is  calculated  from  the  linear 
retardation. 

Thus  consider  the  point  on  the  time-speed  Curve  4  corresponding 

to  54  feet  per  second.     At  this  speed  the  retardation  is  uniform 

and  equal  to  6  feet  per  second  per  second.     The  radius  of  the  wheel 

is  1*89  foot  (3  feet  7^  inches  diameter).    The  corresponding  angular 

retardation  is  6/1 '89  radians  per  second  per  second.     The  moment 

of  inertia   of   the    wheel  is  0*86/^  in  dynamical   units  =  0*0268. 

Hence  the  force   of   the    couple   required  to  produce  this  angular 

retardation  is  found  from 

-D  6  X  0-0268  r>   A^K 

P2/^2  =  1-89  X  1-89  =  0*^45- 

From  Curve  6  the  corresponding  value  of  yu^  is  0*15.  Hence 
the  increase  of  pressure  P^  is  0' 045/0 '15  =  0*3  ton.  Points 
on  Curve  8  have  been  calculated  in  this  way,  and  its  ordinate 
represents  the  force  which  must  be  applied  to  the  brake-blocks  to 
produce  a  frictional  couple  against  which  both  the  translation 
and  the  rotatory  energy  of  motion  is  dissipated,  a  couple  represented 
above  by  B  (neglecting  the  effect  of  the  other  small  resistances). 
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and  it  shows  how  the  pressure  must  be  varied  in  order  to  produce 
the  stop  represented  by  the  characteristic  curves. 

10.  Moments  of  Inertia  of  typical  pairs  of  Wheels  and  Axles. 

As  the  value  of  the  moment  of  inertia  I  of  a  pair  of  wheels 
enters  into  several  calculations  besides  those  considered  above, 
typical  cases  have  been  taken  and  the  values  of  I  accurately 
calculated.  Mr.  PickersgiU,  Locomotive  Superintendent  of  the 
Great  North  of  Scotland  Railway,  has  kindly  supplied  the  data 
required  for  this  purpose.  Mr.  Deuchar,  assistant  in  the  Civil 
and  Mechanical  Department  of  the  City  Guilds  Engineering  College 
(formerly  Central  Technical  College),  made  the  detailed  calculations. 
The  method  adopted  is  to  divide  the  wheel  into  a  series  of 
concentric  rings,  and  then  to  calculate  the  moment  of  each  ring 
separately. 

The  following  Table  is  useful  for  reference  : — 


TABLE  3. 

Moments  of  inertia  ;  radii  of  gyration  ;  total  loeight  ;  and  the  ratio  of 
the  square  of  the  radius  of  gyration  to  the  square  of  the  radius  of 
the  wheel,  in  four  typical  cases. 


Type  of  wheel. 

Total  weight 
of  2  wheels 
and  1  axle. 

k": 

Moment 

of 
Inertia. 

kyr\ 

1  pair  of  driving-wheels   6  ft.   1  in.j 
diameter,  connected  by  a  crank- > 
axle.  .         .          .         .         .         . ) 

1  pair  of  trailing-wheels   connected"! 
by  a  straight  axle        .         .         .  / 

1  pair  of  3  ft.  9 J  in.  bogie-wheels  and"! 
axle    .         .         .         .         .         .  J 

1   pair   of  3  ft.  9J   in.  wood-centred| 
carriage-wheels  and  axle      .         .  J 

Lb. 

8,473 

6,723 
3,080 
2,356 

Ft.= 
4-1 

4-52 

2 

1-63 

Lb.-ft.2 
34,133 

30,389 
6,164 
3,840 

0-444 

0-49 

0-555 

0-453 

The   following   rule   for   estimating  the  moment   of   inertia   is 
based    on    the   assumption    that   the    engine- wheel  is  composed  of 
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tyre,  wheel-rim  and  Mansell  rings  and  n  spokes,  each  of  uniform 
section,  and  each  of  length  p  feet,  the  distance  from  the  centre  of 
gi'avity  of  a  radial  section  through  the  rim  to  the  centre  of  the 
wheel.  With  this  assumption,  the  spokes  would  be  crowded  out 
at  the  centre,  and  the  material  may  be  imagined  to  spread  laterally, 
thus  making  some  allowance  for  the  wheel-boss. 

Let  A  be  the  area  in  square  inches  of  a  radial  section  taken 
through  the  tyre,  the  wheel-rim,  and  the  ManseU  rings.  Then 
allowing  0*28  lb.  per  cubic  inch  of  material,  the  moment  of 
inertia  of  the  rim  corresponding  to  this  section  is  with  sufficient 
approximation 

0-28  X  12  X  2  Trp^A  lb.-ft.2  units  =  21Ap3. 

And  the  moment  of  inertia  of  one  spoke,  whose  mean  section  is  a 
square  inch,  about  the  wheel  centre,  is 

0-28  X  12  ap(p74  +  p7l2)  =  1-12  ap^. 

The  moment  of  inertia  of  one  wheel  with  n  spokes  is  therefore 

p3(21A  +  1-12  na)  Ib.-ft.^  units. 

For  a  pair  of  wheels  and  the  axle  it  may  be  taken  double  this. 
Before  using  the  value  so  obtained  in  dynamical  calculations, 
divide  by  g. 

Similarly  for  a  wood-centred  carriage-wheel,  the  moment  of 
inertia  of  the  rim  is  21Ap^.  This  is  about  85  per  cent,  of  the 
total,  so  that  the  moment  of  inertia  for  one  wheel  is  approximately 

49-4  Ap3  1b.-ft.2  units 

for  a  pair  of  wheels  and  an  axle. 

Thus  finally  rounding  the  figures  ofi" : — 

Moment  of  inertia  of  a  pair  of  wheels  and  axle  with  n  spokes 
may  be  approximately  calculated  from 

I  =  2p3(20A  +  na)  Ib.-ft.^  units. 

Moment  of  inertia  of  a  pair  of  wood-centred  carriage-wheels 
and  axle  may  be  approximately  calculated  from 

I  =  50Ap3. 
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By  way  of  illustration  in  the  case  of  the  trailing-wheel 
of  Table  3  (page  914)— 

A  the  area  of  the  cross-section  of 

the  rim  .  .  .  .  .    =  26  •  6  square  inches. 

p  the  distance  of  the  centre  of 
gravity  of  this  section  from  the 
centre  of  the  wheel  .  .  .    =  2  •  85  feet. 

a  the  mean  area  of  a  spoke   .  .=5*8  square  inches. 

n  the  number  of  spokes  .  .    =  20. 

Then,  I  =  30,000.  Comparing  this  with  30,389,  the  accurate 
figure,  it  will  be  seen  that  the  error  is  about  1  •  3  per  cent. 

This  expression  makes  no  allowance  for  a  balance-weight,  but 
where  there  is  one,  its  moment  of  inertia  can  be  separately 
calculated  and  added  to  the  sum  found  from  the  formula. 

Adding,  therefore,  400   to   I   to  allow  for  the  balance- weight, 
I  =  30,400,  and  the  error  is  less  than  1  per  cent. 
In  the  case  of  the  wood-centred  carriage- wheel — 

A        .  .  .  .    =  15*55  square  inches. 

p         .  .  .  .    =     1-7  foot. 

I         .  .  .  .    =  3,880  which,  compared   with 

3,840,  the  accurate  figure,  shows  an  error  of  less  than  1  per  cent. 

The  Paper  is  illustrated  by  5  Figs,  in  the  letterpress. 


i 
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Discussion. 

The  President  called  the  attention  of  members  to  a  new 
departure  made  by  the  Institution  in  submitting  this  evening  a 
second  Paper  for  discussion  in  writing  only.  The  Paper  was  on 
"  Theory  and  Experiment  in  the  Flow  of  Steam  through  Nozzles," 
by  Professor  J.  B.  Henderson,  D.Sc,  of  the  Royal  Naval  College, 
Greenwich,  and  it  was  hoped  the  members  would  read  the  Paper 
and  forward  any  communications  they  had  to  make  upon  it  to  the 
Institution. 

In  proposing  a  hearty  vote  of  thanks  to  the  author  for  his 
extremely  interesting  and  valuable  Paper,  the  President  said  he 
had  nothing  to  say  upon  the  subject  except  that  it  was  a  splendid 
illustration  of  the  value  of  the  graphic  method  in  dealing  with,  and 
making  the  ordinary  man  understand,  very  difficult  mathematical 
problems.  He  did  not  know  whether  that  fact  was  capable  of 
explanation,  but  he  would  much  Hke  to  know  whether  there  was 
any  physical  explanation  for  the  fact  that  it  was  easier  for  most 
minds  to  understand  the  graphic  method  than  it  was  to  understand 
a  complicated  analytical  equation.  He  remembered  once  talking  to 
an  old  master  of  his  upon  the  question,  and  his  view  was  that 
mathematics  in  the  ordinary  sense  was  not  really  properly  taught 
to  the  young  and  inexperienced  mind,  but  his  (the  President's)  own 
idea  was  that  the  real  cause  went  deeper,  that  it  had  something  to 
do  with  the  pecuHar  reasoning  faculty  of  the  brain,  and  that  it  was 
only  very  exceptional  minds  that  could  foUow  abstruse  complicated 
mathematical  formulae  and  thoroughly  understand  them,  although 
when  the  subject  was  presented  in  such  a  lucid  way  as  the  author 
had  presented  it  that  evening  it  seemed  to  be  quite  easy.  That 
was,  however,  where  the  master  mind  showed  its  power,  by  making 
the  matter  easily  understood. 

The  vote  of  thanks  was  carried  unanimously. 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council)  said  that,  after  the 
remarks  of  the  President,  it  was  not- necessary  for  him  to  enlarge 
upon   the  value  of   the  methods  which   the   author   had  brought 
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forward  that  evening,  or  upon  the  extremely  clear  manner  in 
which  he  had  dealt  with  an  abstruse  subject  in  connection  with 
which  there  was  so  much  that  was  new  and  original.  He  did  not 
see  how  it  was  possible  to  discuss  the  details  of  the  curves,  because 
he  did  not  think  anyone  could  dispute  the  accuracy  of  anything  the 


Fig.  G. — Characteristic  Curves  for  Internal-Combustion  Engine  Locomotives. 


A.  WITH    DIRECT    DRIVE. 
B-  WITH    CHANGE    SPEED   GEAR. 
C.  WITH     ELECTRIC     OR     HYDRAULIC 
VARIABLE     TRANSMISSION. 


author  had  said.  He  would,  however,  draw  attention  to  the  fact 
that,  apart  from  the  steam-engine  and  the  electric  railway,  there 
was  what  might  be  termed  a  new  phase  of  locomotive  engineering 
brought  about  by  the  introduction  of  the  internal-combustion 
motor. 

It  had  struck  him  that  it  might  be  useful  if  he  applied  the  author's 
method  to  this  aspect  of  the  question  of  acceleration.  He  had  not 
done  that  in  quite  the  same  way  as  the  author,  because  he  had  not 
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access  to  the  same  instruments  or  the  same  data,  but  he  had  treated 
it  in  a  manner  which  he  would  very  briefly  explain.     Before  doing 
so,  he  would  draw  attention  to  Fig.  6.     It  would  be  noticed  that  it 
contained  a  lower  nearly  horizontal  line  A,  which  line  represented 
the   tractive-eflfort   curve   of  an   internal- combustion   engine  with 
direct  drive  on  the  wheels.     He  had  taken  the  particular  case  of  a 
Diesel  engine  of  about  1,000  h.p.  which  was  now  working  on  the 
Continent,  built  by  a  Swiss  firm.     The  members  would  notice  there 
was  a  certain  disadvantage  with  the  internal-combustion  engine  on 
direct  drive,  so  far  as  the  initial   tractive  efibrt  was  concerned. 
Steam  had  an  advantage  which  was  unique,  an  advantage  which 
could  be  gained,  as  the  author  had  pointed  out,  in  a  way  by  using 
the  central  station  of  an  electric  railway ;  but  with  the  internal- 
combustion  engine  those  advantages  were   not  obtainable,  unless 
something  else  was  introduced.     The  end  of  the  Kne,  it  would  be 
noticed,  had  a  slight  upward  turn  shown  at  a ;  that  represented  more 
or  less  the  starting  under  compressed  air,  because  the  particular 
engine  contained  a  large  number  of  cylinders  of  compressed  air  and 
the  starting  was  got  by  employing  compressed  air.     It  was  possible 
to  make  the  line  rise  up  to  the  top  of  the  tractive  efi'ort  on  the 
diagram,  but  only  by  carrying  a  large  number  of  compressed  air 
cylinders.     It  did  not  foUow,  however,  that  such  a  locomotive  was 
not   of   extreme  value,  for  where   the   particular   locomotive   was 
employed,  in  a  flat  country  where  long  distances  were  run  without 
the  necessity  of  continually  starting,  it  was  perhaps  an  admirable 
form  of  motor.     But  supposing  it  was  desired  to  accelerate  rapidly, 
there  was  another  way  of  doing  it,  represented  by  the  dotted  step 
line  B  on  the  diagram  which  represented  the  tractive-efibrt  curve  in 
the  case  of  an  ordinary  gear-box.     The  problem  had  been  solved 
beautifully  for  the  common  road  by  the  motor-car,  which  vehicle 
could  start  with  a  considerable  load  and  rapidly  accelerate  as  shown 
by  the  step  lines  of  the  curve.     The  triangular  spaces,  however, 
represented  lost  work.     Again,  taking  a  vehicle,  say  with  four  speeds, 
to  run  backwards  it  was  necessary  to  have  four  speeds  in  reverse, 
and  that  added  another  difficulty  to  the  problem.     A  comparatively 
small  rail-car  would  weigh  40  tons  ;  a  heavy  road  vehicle  would  not 

3  s 
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weigh  more  than  7  tons  (3  tons  the  vehicle  and  4  tons  the  load), 

and  there  were  great  difficulties    in  step-by-step  motion   for   rail 

locomotives. 

Coming  to  the  possibility  of  using  either  electric  or  hydrauhc 
transmission,  some  day  engineers  would  be  discussing  the  relative 
merits  of  those  two  systems,  and  there  might  be  a  very  keen 
discussion  on  the  subject  in  the  Institution.  But  he  wished  to 
make  no  distinction  that  evening,  and  as  he  noticed  many  of  his 
electrical  friends  present  he  would  say  that  it  was  possible  to 
obtain  equal  results,  as  far  as  the  diagram  went,  with  either 
system,  although  he  had  actually  obtained  the  figure  shown  by 
means  of  a  hydraulic  transmission. 

He  had  not  access  to  the  same  kind  of  instrument  as  the 
author  had  had,  and  therefore  he  might  explain  how  that  diagram 
was  obtained.  He  borrowed  an  accelerometer  from  the  District 
Eailway  Co.,  who  kindly  lent  it  for  the  purpose,  and  obtained 
the  acceleration  curve ;  the  instrument  was  nothing  more  than  a 
pendulum -bob  writing  its  story.  The  pendulum-bob  (the  Wimperis 
accelerometer)  wrote  the  curves,  and  from  the  curves  Mr.  Beecham 
worked  out  the  diagram.  It  would  be  seen  that  Mr.  Beecham  and 
himself  had  produced  the  same  diagram  as  the  tractive-efi'ort  curve 
of  the  author,  although  they  did  not  obtain  it  on  the  author's  basis, 
having  had  to  go  a  difierent  way  to  work  by  using  a  time  base. 
Having  obtained  a  curve  on  the  time  base,  from  that  he  obtained 
the  tractive-eflfort  curve  on  a  velocity  base,  C,  Fig.  6,  which 
turned  out  to  be  a  very  similar  curve  to  the  author's  tractive-effort 
curve,  and  reproduced  almost  exactly  the  advantage  in  starting  of 
a  steam-engine,  or  indeed  of  any  other  starting  which  gave  a 
continuous  variation  in  effort  as  the  speed  went  up.  There 
was  a  point  of  interest  in  the  curve  which  did  not  run  straight 
horizontally  at  the  commencement  as  it  did  in  the  author's 
diagram,  but  curved  at  b  in  a  way  which  showed  that  the  control  did 
put  on  the  full  effort  at  once,  and  therefore  the  maximum  tractive 
effort  was  not  immediately  obtained.  He  only  brought  the 
matter  forward  in  detail  to  show  that  the  same  result  could  be 
obtained   by   using  an   infinitely  variable    transmission   gear  with 
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an  internal-combustion  engine,  as  with  the  expansion  effect  of  a 
steam-engine. 

In  conclusion,  he  would  remark  that  there  might  be  taken  to 
be  three  aspects  of  the  problem,  namely,  (I)  Steam  which  had 
superlative  advantages  in  a  country  like  Great  Britain  with 
abundance  of  coal  and  moderate  distances  to  be  traversed.  He 
could  not  quite  believe  that  any  other  form  of  general  locomotion 
was  (as  long  as  our  coal  lasted)  ever  going  to  supersede  it,  at  any 
rate  in  this  country.  (II)  For  suburban  traffic,  in  great  centres 
of  population,  the  steam-engine  was  already  being  superseded,  as 
it  was  possible  to  draw  upon  a  central  electric  station  and  get 
rapid  acceleration.  It  would  have  been  impossible  to  raise  the 
traffic  of  the  District  Railway  as  it  had  been  raised,  from  thirty 
million  to  more  than  seventy  million  passengers  per  annum, 
unless  the  line  had  been  electrified  and  the  consequent  rapid 
acceleration  had  been  possible,  by  drawing  on  the  central  station 
and  so  getting  the  start.  Lastly,  there  was  (III)  the  internal- 
combustion  engine.  For  countries  such  as  Australia  and  South 
Africa,  they  were  already  beginning  seriously  to  consider  the 
internal-combustion  engine,  owing  to  the  fact  that  the  water 
problem  was  a  difficult  one  and  coal  was  not  readily  accessible. 
Even  putting  aside  the  question  of  long  distance,  there  was  the 
possibility  of  suburban  traffic  for  small  towns,  where  railways  were 
building  up  passenger  traffic  for  short  distances.  At  present  it 
did  not  seem  to  be  possible  to  electrify  such  lines,  which  thus 
opened  a  future  for  the  internal-combustion  engine  with  some  kind 
of  satisfactory  variable  transmission. 

Mr.  Walter  Longland  said  the  author,  in  writing  his  Paper, 
had  conferred  a  great  boon  on  locomotive  engineers,  because  in 
future  they  would  be  able  to  design  locomotives  with  much  more 
confidence  than  they  had  ever  had  before.  It  might  be  of  service, 
therefore,  to  point  out  an  extreme  important  use  of  one  of  the 
diagrams.  He  referred  to  the  diagram.  Fig,  1  (pages  882-3)  ;  the 
curves  numbered  2,  3  and  4,  for  a  given  weight  of  train  and 
average   gradient,    would   always   be   the   same,  but   curve    No.   1 

3  s  2 
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depended  upon  the  engine.  The  horizontal  portion  of  that  curve 
practically  depended  upon  the  capacity  of  the  cylinders,  while  the 
curved  portion  practically  depended  upon  the  steam  capabilities  of 
the  boiler.  It  would  be  easily  seen  that  by  altering  these  portions 
of  the  curve — say  by  increasing  the  capacity  of  the  cylinders  or 
by  giving  a  greater  steaming  capacity  to  the  boiler,  or  even  altering 
both  at  the  same  time — and  then  taking  the  difference  between 
ciirves  Nos.  1  and  4,  it  would  be  possible  to  determine  how  the 
particular  alteration  would  aflfect  the  time  required  to  run  a  certain 
distance,  as,  for  example,  the  distance  between  two  stations. 
Locomotive  engineers  had  never  been  able  in  the  past  to  do  this 
with  certainty. 

There  was  one  suggestion  he  would  like  to  make  about  this 
diagram.  The  author  had  plotted  curve  No.  4  for  the  starting 
gradient,  and  assumed  it  to  be  constant  for  the  whole  run.  Usually 
the  gradient  was  far  from  being  constant ;  in  applying  this  diagram. 
Fig.  1 ,  therefore,  it  would  appear  wiser  to  plot  curve  No.  4  from  what 
might  be  called  a  "  weighed  "  gradient ;  by  this  he  meant  an  average 
gradient  which  took  into  account  both  the  I'ise  and  the  length  of 
the  actual  gradients  on  the  particular  section  which  was  being 
dealt  with,  or  perhaps,  better  still,  the  curve  Ko.  4  might  be  plotted 
from  the  actual  gradients. 

When  he  read  the  Paper  he  was  extremely  interested  in  seeing 
the  application  of  the  diagrams  to  actual  dynamometer-car  records, 
because  some  twelve  years  ago  he  himself  worked  on  some  hundreds 
of  yards  of  such  records  for  the  Great  Western  Railway  Co.  The 
author  claimed  for  his  method  of  using  the  diagrams  that  it 
smoothed  out  accidental  errors ;  that  was  perfectly  true,  but  it  also 
smoothed  out  changes  of  velocity  which  were  not  accidental  but 
which  were  very  important.  On  the  previous  evening  he  had 
looked  up  a  rough  note-book  in  which  he  had  worked  out  some  of 
the  results  obtained  from  the  records  mentioned  above,  and  there 
he  found  some  figures  which  brought  this  out  very  clearly.  They 
referred  to  a  train,  weighing  667  tons,  which  was  running  at  a 
speed  of  about  13  miles  per  hour  up  a  gradient  of  1  in  209;  the 
distance  was  half  a  mile.     The  figures  he  was  about  to  give  were 


i 


Oct.  1912.  DYNAMICAL   DIAGRAMS   OF   A   TRAIN.  923 

the  forces  per  ton  required  to  accelerate  the  train  ;  these  of  course 
represented  the  acceleration,  for  force  was  the  product  of  mass  into 
acceleration  and  the  mass  was  constant.  The  gradient  was  divided 
into  four  equal  parts,  each  of  which  was  therefore  an  eighth  of  a 
mile  in  length.  For  the  first  eighth  of  a  mile  the  force  required  to 
accelerate  the  train  was  1  •  8  lb.  per  ton,  for  the  second  it  was  1  •  6  lb. 
per  ton,  for  the  third  it  was  1*3  lb.  per  ton,  and  the  last  it  was 
nothing.  Thus  through  a  short  distance  of  half  a  mile  the  speed  of 
the  train  varied  considerably.  The  author's  velocity-curve  could 
not  show  these  variations.  It  might  be  said  that  if  it  were  plotted 
to  a  large  enough  scale  it  would  show  them  ;  this  was  true,  but  if,  for 
example,  the  journey  wei^e  one  hundred  miles  the  author's  method 
would  require,  for  the  scale  such  as  the  Great  Western  Railway 
used  at  the  time  that  he  worked  for  it,  a  piece  of  paper  300  feet 
long  by  about  as  many  broad.  He  would  not  go  into  details,  but 
the  average  speeds;^ at  every  2  seconds  were  found  and  plotted  on 
the  records ;  and  a  smooth  curve  was  drawn  through  these  points. 
It  was  tedious  work  and  often  took  some  weeks  to  do ;  it  gave, 
however,  a  means  of  finding  the  actual  resistance  of  the  train  very 
much  more  accurately  than  the  author's  method  did,  because  the 
changing  acceleration  could  be  found  for  every  position  of  the  train. 
To  further  emphasize  this  point,  he  gave  the  following  figures  ; 
they  were  aU  obtained  while  the  engine  was  on  one  gradient.  In 
the  fii'st  31  seconds  the  change  of  speed  was  half  a  mile  per  hour, 
in  the  next  30^  seconds  the  change  was  a  quarter  of  a  mile  per 
hour,  in  the  next  29^  seconds  it  was  1  mile  per  hour,  in  the  next 
23  seconds  it  was  0  •  2  mile  per  hour,  and  in  the  next  27  seconds  it 
was  0*6  mile  per  hour.  These  figures  showed  that  there  were 
continual  changes  of  speed,  which  were  smoothed  out  by  a  curve 
such  as  the  author  used.  Yet  that  these  changes  must  be  taking 
place  was  perfectly  clear,  when  it  was  remembered  that  the  horse- 
power developed  by  the  locomotive  was  very  approximately  constant, 
and  that  the  train  was  either  going  up  and  down  hill  or  on 
portions  on  hills  of  diff"erent  slopes  practically  the  whole  time.  To 
find  train  resistances,  it  was  necessary  to  take  into  consideration  the 
actual,  not  the  average,  change  of  speed. 
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With  regard  to  diagram,  Fig.  4  (page  910),  it  was  very 
unfortunate  that  the  speeds  could  not  be  obtained  when  their 
values  were  less  than  40  feet  per  second.  He  supposed  that  this 
was  due  to  the  record  being  only  1  foot  per  mile  run.  About 
fifteen  years  ago  the  records  obtained  from  the  dynamometer-car 
then  in  use  on  the  Great  Western  Railway  were  3  feet  per  mile 
run.  From  these  it  was  possible  to  obtain  the  speeds  down  to 
practically  zero.  It  was  a  great  pity,  he  thought,  that  the  Great 
Western  Railway  Co.  had  changed  the  speed  of  the  movement  of 
the  paper.  Notwithstanding  the  criticisms  which  he  had  advanced, 
he  felt  sure  that  the  Paper  would  be  greatly  appreciated  by,  and  be 
of  great  value  to,  locomotive  engineers,  and  he  could  only  say  that 
he  was  extremely  sorry  it  was  not  written  fifteen  years  ago. 

Dr.  William  H.  Maw  (Past-President)  said  he  shared  entirely 
the  views  which  the  President  and  Dr.  Hele-Shaw  had  expressed  as 
to  the  value  of  Professor  Dalby's  Paper.  The  author  had  treated 
the  whole  subject  most  admirably,  and  the  Paper  would  be  a 
valuable  addition  to  the  Proceedings  of  the  Institution.  He 
himself  only  wished  to  speak  on  one  smaU  point.  The  author  had 
referred  to  the  allowance  for  the  rotational  acceleration  of  the 
wheels  of  roUing-stock.  Some  thirty-eight  years  ago  he  himself 
had  to  make  a  number  of  experiments  on  the  efiect  of  brakes,  and 
he  had  to  take  into  account  the  acceleration — or  retardation  in  his 
case — to  which  the  author  had  referred,  but  he  treated  the  matter 
in  rather  a  different  way,  though  arriving  at  practically  the  same 
result.  The  rotational  speed  of  the  rolling  surface  of  a  tyre  was  of 
course  equal  to  the  velocity  of  the  train.  The  travel  of  the  flange 
would  be  rather  higher  than  the  velocity  of  the  train,  and  the  inner 
parts  of  the  tyre  would  have  a  lesser  velocity.  The  spokes  of  the 
wheels  and  the  boss  travelled  of  course  at  still  lower  velocities.  But 
he  found  that  practically  the  eflfect  of  these  lower  velocities  was 
compensated  by  considering  the  whole  section  of  the  tyre  to  be 
travelling  at  the  speed  of  the  train.  He  made  calculations  for  a 
number  of  different  types  of  carriage  wheels,  and  he  found  that,  by 
simply  taking  the  weight  of  the  tyre  and  adding  it  to  the  weight 
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of  the  train,  it  was  possible  to  get  the  allowance  the  author  had 
spoken  of.  All  the  centre  parts  of  the  wheels  were  ignored,  and 
the  whole  section  of  the  tyres  was  treated  as  travelling  at  the 
surface  speed.  Speaking  from  memory,  he  believed  he  found  the 
allowance  necessary  in  those  days  to  be  about  9  per  cent,  of 
the  weight  of  the  train.  The  author  had  arrived  at  7  per  cent. 
Those  two  results  really  corroborated  each  other.  At  the  time  to 
which  he  had  referred,  the  load  per  wheel  was  much  less  than  it 
was  now,  and  consequently  the  effect  of  the  tyre  acceleration  was 
greater  in  proportion  to  the  whole  weight  of  the  train  than  at 
present.  In  the  old  four-wheel  coaches  and  six-wheel  coaches  then 
used  the  load  per  wheel  was  very  substantially  less  than  now.  He 
believed  that,  if  his  old  method  of  dealing  with  this  matter  was 
appHed  to  present  rolling-stock,  the  correction  required  would  be 
likely  to  come  out  to  about  what  the  author  had  mentioned,  namely, 
7  per  cent,  of  the  weight  of  the  train. 

There  was  another  matter  he  might  mention,  although  it  was, 
perhaps,  not  strictly  connected  with  the  Paper.  It  was  a  certain 
fact  which  much  facilitated  calculations  connected  with  the 
questions  the  author  had  brought  forward.  A  body  falling 
freely  from  a  height  of  30  feet  would  acquire  a  speed  of  almost 
exactly  30  miles  an  hour  at  the  end  of  its  fall.  It  therefore 
followed  that,  by  squaring  the  velocity  in  miles  per  hour  of  a 
train  and  dividing  by  30,  it  was  possible  to  obtain  the  height  from 
which  the  train  would  have  to  faU  to  acquire  that  speed.  That  was 
of  great  assistance  in  making  rapid  calculations  as  to  the  amount 
of  retardation  required  to  stop  in  a  certain  distance  or  to  accelerate 

in  a  certain  distance.  For  instance,  qq  =  H,  H  being  the  height 
the  train  had  to  fall.  Thus,  for  a  speed  of  30  miles  per  hour,  the 
value  of  H  was  g^  =  30  feet ;  for  60  miles  per  hour,  qq-  =  120  feet ; 
and  so  on. 

Multiplying  the  weight  of  the  train  by  the  height  it  had  to 
fall  gave  the  number  of  foot-tons  required  for  the  acceleration,  so 
that  a  200-ton  train  required  the  expenditure  of  200  X  30  =  6,000 
foot-tons  of  work  to  impart  to  it  a  speed  of  30  miles  per  hour. 
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If   this   acceleration   had   to    be   acquired   in   a   distance    of,    say, 
1,000  feet,  all  that  was  necessary  was  to  divide  this  6,000  by  1,000, 

giving  (j^ooo  ~  )  ^  ^°^^  mean  draw -bar  pull  to  aflfect  the  acceleration 

required. 

In  that  way  it  was  possible  to  make  rapid  estimates  of  the 
draw-bar  pull  required  to  produce  given  accelerations — or  brake 
resistance  to  produce  a  given  retardation — within  certain  distances. 
Of  course,  such  calculations  gave  results  independent  of  the  effects 
of  friction,  or  air  resistance. 

9 

Mr.  Henry  Fowler  said  he  felt  indebted  to  the  author  for  the 
way  in  which  he  had  referred  to  Mr.  Aspinall's  experiments  on 
train  resistances,  as  one  of  those  who  assisted  in  the  carrying  out  of 
the  experiments  upon  which  the  Paper  was  based.  In  the  beautiful 
diagram  which  the  author  had  put  forward,  he  showed  in  the 
resistance-velocity  curve  the  resistance  first  falling  away  and  then 
rising  fairly  rapidly,  whereas  the  curves  on  Fig.  3  (pages  896—7), 
based  upon  the  result  of  the  running  on  the  Great  Western  Railway, 
showed  only  a  very  gradual  increase  in  the  train  resistance  as  the 
speed  increased.  In  the  chart  and  Tables,  which  the  author  had 
referred  to  as  being  shown  in  Mr.  Aspinall's  Paper  in  1901,  were  to 
be  found  aU  the  known  form\il8e  of  train  resistances  from  the  very 
commencement  of  traction  on  rails  until  the  date  of  the  Paper.  It 
was  interesting  to  remember  that  some  experiments  were  carried 
out  on  this  subject  in  very  early  days,  and  he  believed  that 
Mr.  Edward  Wood,  who  spoke  at  that  Meeting,  referred  to 
experiments  which  were  mentioned  and  which  he  had  carried  out 
66  years  before.  The  whole  of  these  formulae,  without  a  single 
exception,  showed  that  the  resistance  per  ton  increased,  and  did  so 
fairly  rapidly,  as  speed  increased,  especially  at  speeds  corresponding 
with  those  at  which  observations  were  made  on  the  Great  Western 
Railway.  He  did  not  know  whether  the  author  could  explain  how 
the  results  he  had  given  of  practical  working  seemed  to  be  opposed 
to  all  previous  experiments  with  a  dynamometer-car.  He  was 
perfectly   aware    of   the  fact  that  no   one   had   yet   succeeded   in 
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producing  a  "  fat "  indicated   diagram  of  a  locomotive  running  at 
high  speed. 

One  point  which  the  author  had  not  touched  upon,  and  a  point 
which,  equally  with  gradients,  had  a  very  disturbing  effect  upon 
train  resistance,  was  the  question  of  wind,  and  he  had  thought 
that  such  an  important  item  would  have  been  mentioned  in  the 
Paper.  He  trusted  that  now,  when  so  much  interesting  information 
must  have  been  collected  together  with  regard  to  wind  in  connection 
with  the  experiments  which  had  led  to  the  successful  flying  with 
machines  heavier  than  air,  someone,  either  in  discussion  or 
correspondence,  would  be  able  to  speak  upon  this,  a  subject  about 
which  so  little  was  definitely  known  by  locomotive  engineers.  He 
thought  the  author  would  agree  with  him  there  was  not  the 
slightest  doubt  that  air  resistance  increased  with  some  power 
(probably  the  square)  of  the  velocity,  and  this  rendered  the  curves 
based  upon  the  Great  Western  Railway  experiments  still  more 
remarkable.  It  would  be  noticed  that  the  actual  curves  themselves, 
apart  from  the  assumed  dotted  Hnes,  were,  practicaUy  speaking, 
straight,  and  although  he  appreciated  the  fact  that  the  Great 
Western  Railway  had  a  very  fine  dynamometer-car,  yet  the  time 
line  with  2-second  spaces  was,  in  his  opinion,  altogether  too  great 
a  time  interval  for  accurate  results.  It  was  perfectly  simple  and 
easy  to  get  instruments  which  would  give  times  in  fifths  of  a 
second  with  very  considerable  accuracy,  the  paper  having  to  travel 
at  much  greater  speed.  The  paper  used  on  the  Midland  travelled 
8  feet  per  mile,  although  above  20  miles  an  hour  2  feet  of  paper 
per  mile  was  generally  used.  Even  this  working  of  one-fifth  of  a 
second  was  hardly  accurate  for  taking  starting  accelerations,  but 
instruments  were  now  in  use  which  enable  accelerations  at  low 
speeds  to  be  readily  obtained.  He  thought  the  Institution  was 
very  much  indebted  to  the  author,  not  only  for  his  Paper,  but  for 
the  very  explicit  way  he  had  placed  it  before  the  Meeting. 

Mr.  A.  P.  Trotter  said  that  those  who  were  familiar  with 
speed  curves  and  acceleration  curves  must  have  been  surprised 
at  the  way  in  which  the  author  had  dissected  them  into  various 
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components,  components  which  some  engineers,  he  thought,  hardly- 
realized.  The  author  had  shown  not  only  how  to  dissect  but  how 
to  build  up,  and  the  manner  in  which  he  had  done  it  would  be 
characterized  by  some  of  the  older  school  of  professors  as  "  calculus 
dodging."  The  members  would  be  extremely  grateful,  as  the 
President  had  said,  to  Professor  Dalby  for  showing  how  so 
powerful  an  instrument  as  graphics  could  be  used  in  connection 
with  the  subject  under  discussion.  He  believed  there  were  some 
mathematicians  who  quarrelled  with  the  use  of  the  expression 
"force  of  acceleration."  In  1906  he  himself  read  a  Paper  on 
"  Acceleration  and  Accelerometers "  at  the  Junior  Institution  of 
Engineers,*  and  objection  was  taken  by  a  mathematician  to  his  use 
of  that  expression.  It  was  said  that  it  was  at  least  a  hundred  years 
out  of  date,  going  back  to  the  time  when  they  used  to  speak  of 
the  vis  inertiee,  and  so  forth.  It  might  be  a  shorter  way  of  saying 
the  force  which  produced  acceleration,  but  he  would  like  to  hear 
from  Professor  Dalby  whether  the  term  might  be  used  to  denote 
a  force. 

Acceleration  was  naturally  one  of  the  most  important  questions 
of  the  day  in  modern  locomotion,  and,  as  had  been  said,  was  one  of 
the  greatest  advantages  that  could  be  derived  from  electric  traction. 
There  were  many  who  had  amused  themselves  on  tedious  railway 
journeys  by  taking  the  speed  of  the  train  from  the  window  by  the 
milestones,  or  in  the  old  days,  when  it  was  possible  to  rely  on  the 
rails  being  the  same  length,  by  counting  the  number  of  rails  in  a 
given  time.  It  was  easy  and  very  interesting  to  watch  acceleration, 
and  it  could  be  done  by  a  very  simple  instrument  which  he  himself 
made  about  fourteen  years  ago — an  ordinary  spirit  level  bent  to 
a  rather  shorter  curve  than  usual. f  Anyone  could  make  this 
instrument  by  bending  a  glass  tube  to  a  radius  of  about  18  inches, 
filling  with  spirit  or  water,  leaving  a  bubble  not  more  than 
Y\-inch    diameter.      The    scale    was    graduated    by    placing    the 


*  Journal,  Vol.  xvi,  page  255.     Reprinted  in  Engineering,  9  March   1906, 
page  327. 

t  See  Engiiieering,  loc.  cit. 
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instrument  on  known  gradients.  A  slope  of  1  in  10  corresponded 
to  an  acceleration  of  one-tenth  of  j/,  namely,  3 '22  feet  per  second 
per  second.  Messrs.  Everett,  Edgcumbe  and  Co.  made  these 
accelerometers  with  a  curve  resembling  a  cycloid  giving  an 
expanded  scale  in  the  middle ;  the  diameter  of  the  tube  was  chosen 
to  make  the  bubble  dead  beat.  Scales  could  be  supplied  graduated 
in  feet  per  second  per  second,  metres  per  second  per  second,  or  the 
time  taken  to  reach  30  miles  an  hour,  or  gradients,  or  pull  in 
pounds  per  ton  (about  70  times  the  feet  per  second  per  second). 

Such  an  instrument  could  not  get  out  of  order  unless  broken  ;  it 
was  subject  to  no  errors  and  therefore  contained  no  compensations. 
It  would  only  indicate  accelerations  in  the  direction  in  which  the 
bubble  moved.  The  sensitiveness  was  a  question  of  length  as  in  a 
thermometer.  The  distance  between  0  and  2  feet  per  second 
per  second  on  the  scale  of  Messrs.  Everett,  Edgcumbe's  pocket 
instruments  was  over  1  inch,  enabling  acceleration  to  be  read  easily 
to  one-twentieth  of  a  foot  per  second  per  second.  By  placing  it  on 
the  window-sill  of  the  train  it  was  possible  to  see  not  only  the 
acceleration  but  every  stroke  of  the  piston  of  a  steam-engine  as  it 
started,  and  from  that  one  could  deduce,  in  the  way  the  author  had 
shown,  half  a  dozen  diflferent  factors  including  the  draw-bar  pull 
per  ton,  using  69  •  8  as  a  factor.  Dr.  Maw's  formulae  reminded  him 
that  he  had  heard  it  advocated  that  there  should  be  a  law  that  all 
motor-cars  should  have  a  brake  to  stop  them  dead.  At  30  miles  an 
hour  the  effect  would  be  like  going  into  a  brick  wall  at  that  speed. 

Mr.  George  P.  Spooner,  referring  to  section  8  (page  907),  said 
he  could  corroborate  that  two  unequally  braked  vehicles  produced 
such  severe  tension  on  the  draw-gear  as  to  cause  rupture.  When 
present  at  brake  trials  with  a  six-coach  bogie  train  running  at 
about  40  miles  per  hour,  the  brakes  were  suddenly  applied  causing 
a  concertina  effect  on  the  vehicles  and  a  parting  of  the  train.  On 
coming  to  a  stand,  an  examination  of  the  parted  train  was  made, 
when,  to  the  best  of  his  recollection,  of  one  coupling  one  of  the 
closing  nuts  was  severed,  the  screw  partly  so,  and  the  links  much 
strained ;    on   another   the  turn-buckle  severed   and    other   major 
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damage  occurred.  At  that  time  the  rapid-acting  valve  was  not 
in  use. 

After  the  Discussion  Mr.  Spooner  exhibited  a  diagram  slide, 
Fig.  7,  of  curves  giving  the  theoretical  horse-power  required  per 
ton  of  load  for  speeds  of  5  to  100  kilometres  or  miles,  on  gradients 
of  1  in    5  to   1   in   120,  calculated  in  accordance  with  the  metric 

formula 

H  X  W 
Horse-power  =  — sv— 

V 
in  which  H  =  g  ;  G  being  the  grade,  H  the  rise  or  lift  per  second 

due  to  velocity  and  gradient,  Y  the  velocity  of  the  train,  W  the 
weight  of  1  ton  or  1,000  kilograms  and  the  divisor  75  metre 
kilograms  per  second,  of  which  r)  h.p.  will  be  the  actual  horse-power 
required.  The  coefficient  r)  would  vary  with  climatic,  atmospheric 
and  working  conditions,  and  would  be  composed  of  one  or  more 
of  the  following  resistances  : — Head  resistance ;  side  winds  ;  head 
winds ;  whether  vehicles  were  loaded  or  empty ;  curves ;  track 
conditions ;  and  friction.  The  curves  in  the  diagram  could  be 
utilized  for  velocities  either  in  kilometres  or  miles. 

To  ascertain  the  horse-power  per  ton  on  any  gradient,  for 
kilometre  velocities  read  from  the  left  of  the  diagram,  and  for  mile 
velocities  from  the  right.  For  instance :  40  curve  and  gradient 
1  in  40,  the  coincident  horse-power  on  the  left  gives  3' 7  h.p.  per 
ton,  while  25  curve  read  from  the  right  gives  the  same  horse-power, 
40  km.  being  equal  to  25  miles. 

Professor  W.  E.  Dalby,  replying  to  the  discussion,  said  that 
the  answer  to  the  President's  question,  why  graphical  methods 
were  so  much  easier  to  follow  than  analytical  methods,  would 
probably  be  found  in  the  fact  that  the  graphical  representation  of 
an  equation  presented  to  the  eye  an  infinite  series  of  solutions 
of  the  equation  in  the  form  of  a  curve  and  so  enabled  a 
comprehensive  conception  of  the  relations  to  be  obtained  at  a 
glance. 

The  "  weighed  gradient "  suggested  for  curve  4  by  Mr. 
Longland  (page  922),  though    useful   in   certain  cases,  would  not 
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give  much  help  in  the  pai'ticular  cases  where  the  diagrams  would 
be  found  most  useful,  namely,  in  estimating  the  motion  of  the 
train  during  the  starting  and  stopping  period  of  a  service  in 
which  the  stops  were  frequent  and  the  stations  close  together. 
The  actual  gradient  should  be  used  in  every  case  of  this  kind. 
The  author  thought  that  Mr.  Longland  rather  misconceived  the 
purpose  of  the  Paper  and  the  way  in  which  the  methods  applied 
in  practice.  The  purpose  of  the  Paper  was  to  exhibit  certain 
fundamental  mathematical  relations  which  existed  between  the 
various  quantities  concerned  in  the  motion  of  a  train.  An 
advantage  of  all  graphical  methods,  not  this  one  in  particular, 
was  that  accidental  errors  of  observation  were  smoothed  out.  If 
the  user  of  the  method  applied  it  so  that  important  changes  of 
velocity  were  smoothed  out  also,  he  had  applied  it  wrongly.  There 
was  no  suggestion  that  all  the  curves  were  to  be  derived  from 
the  velocity- distance  curve.  Indeed,  it  was  clearly  stated  that 
any  curve  in  the  family  might  be  used  as  a  root  from  which  to 
derive  the  others.  In  fact,  Dr.  Hele-Shaw  had  used  the  method 
by  starting  with  an  observed  acceleration  curve  (page  918). 
Mr.  Longland  might,  for  instance,  plot  a  curve  from  the 
accelerations  quoted  from  his  own  note-book,  and  then  obtain  a 
curve  which  would  represent  the  true  acceleration  from  point  to 
point,  because  it  was  certain  that  the  force  required  to  accelerate 
the  train  could  not  change  suddenly  from  !'•  8  lb.  per  ton  to  1  •  6  lb. 
per  ton  at  the  end  of  the  first  ^  mile  and  then  change  suddenly 
to  1'3  lb.  per  ton  at  the  end  of  the  second  ^  mile  and  so  on. 
The  values  quoted  must  be  average  values  taken  over  the  intervals 
of  distance  mentioned.  An  acceleration  curve  plotted  from  these 
values  would  furnish  the  root  curve  from  which  the  corresponding 
velocity  curve  could  be  constructed,  a  curve  from  which  the  actual 
velocity  could  be  inferred  with  much  greater  accuracy  than  from 
isolated  calculations  based  on  the  figures  quoted. 

Mr.  Longland  advanced  as  a  criticism  that  to  represent  a 
journey  of  100  miles  long,  a  piece  of  paper  300  feet  long  by 
300  feet  wide  would  be  required.  It  was  hardly  necessary  to  state 
that  a  diagram  could  be   drawn   on  a    double    elephant   sheet   to 
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represent  any  part  of  the  journey  requiring  analysis  ;  that  scjales 
might  be  chosen  to  suit  the  conditions  of  any  problem ;  and  that 
any  origin  might  be  used  from  which  to  start  drawing  a  diagram. 
Thus,  if  the  motion  up  a  particular  gradient  were  required,  part  of 
the  data  was  the  initial  conditions  of  motion  at  the  point  selected 
as  the  beginning  of  the  diagram,  conditions  which  could  quite 
easily  be  obtained. 

The  author  quite  agreed  with  Mr.  Longland  that  to  find  train- 
resistance  it  was  necessary  to  take  into  consideration  the  actual, 
not  the  average,  change  of  speed.  But  the  figures  quoted  by 
Mr.  Longland  would  give  average  rates,  not  actual  rates.  Thus, 
Mr.  Longland  said  that  in  the  first  31  seconds  the  change  of  speed 
was  half  a  mile  per  hour.  What  could  be  derived  from  these 
figures  but  the  average  acceleration  during  the  period  ?  The  actual 
acceleration  could  only  be  found  from  a  curve. 

In  reply  to  Mr.  Fowler  (page  926),  the  author  said  that  it 
would  be  interesting  to  plot  a  diagram  obtained  from  the  Midland 
Railway  dynamometer-car  because,  from  the  increased  scale,  data 
for  a  velocity  curve  could  be  obtained  with  greater  accuracy. 
With  regard  to  the  diagram  shown,  the  author  stated  that  it  was 
put  forward  to  illustrate  a  method  of  dealing  with  dynamometer- 
car  records,  which  might  be  useful  to  locomotive  engineers  rather 
than  as  data  concerning  train-resistance.  The  increase  in  resistance 
shown,  namely,  from  11  '6  lb.  per  ton  at  about  65  feet  per  second 
to  13  "5  per  ton  at  a  little  over  100  feet  per  second  was  not  very 
great,  and  did  not  seem  to  follow  the  usual  formulae  regarding  train- 
resistance.  The  information  on  which  it  was  based,  namely,  the 
observed  draw-bar  pull,  gave  very  definite  data  about  which  there 
could  be  little  question,  and  it  might  be  that  in  this  particvdar 
experiment  the  wind  was  helping  the  train  and  was  tending  to 
reduce  the  resistance.  This  might  in  some  measure  account  for 
the  low  resistance  at  the  high  speed. 

The  author  had  not  specifically  gone  into  the  question  of  wind 
resistance  for  the  reason  stated,  namely,  that  the  Paper  was 
primarily  intended  as  an  illustration  of  a  method  which  might  be 
used  by  engineers  who  had  at  their  command  a  large  amount  of 
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data  from  which,  if  they  applied  the  method,  results  of  importance 
in  practice  might  be  obtained  with  ease.  The  author  hoped  that 
Mr.  Fowler  would  find  that  the  method  would  prove  useful  in 
analysing  the  large  amount  of  data  which  he  must  have  at  Derby 
in  connection  with  the  trains  running  on  the  Midland  railway. 

Mr.  Trotter  said  (page  928)  that  the  method  explained  in  the 
Paper  would  have  been  called  by  some  of  the  older  school  of 
Professors  a  method  of  dodging  the  calculus.  This  was  probably 
true.  The  method  was,  however,  based  fundamentally  on  the 
principles  of  the  calculus,  and  part  of  the  analytical  machinery 
was  used  combined  with  the  graphic  method  at  various  points  of 
the  process.  If  one  were  bound  to  use  the  analytical  method  alone, 
the  problem  could  not  be  solved  in  any  useful  way,  because  it  was 
not  possible  to  express  in  general  terms  the  tractive  force  as  a 
function  of  the  speed.  As  explained  above,  this  particular  function 
had  at  least  two  discontinuities  in  it.  It  was  possible  to  find  an 
analytical  function  for  particular  cases,  yet  the  function  was  in 
general  so  complicated  that  it  could  hardly  be  used  with  advantage 
in  the  investigation. 

With  regard  to  the  question  of  the  suitability  of  the  term 
"  force  of  acceleration,"  he  (the  author)  would  be  inclined  to  say 
that  it  was  not  quite  correct.  Strictly  speaking,  acceleration  was 
the  rate  of  change  of  velocity,  and  the  force  required  to  produce 
this  rate  of  change  varied  as  the  mass  of  the  body  moved.  If  the 
mass  were  neghgible,  the  force  was  negligible,  but  the  term  "  force 
of  acceleration  "  suggested  rather  that  the  force  depended  upon  the 
acceleration  only.  However,  the  words  used  to  describe  the 
quantity  were  quite  immaterial,  providing  the  idea  attached  to 
the  words  was  correct. 

A  famous  quarrel  took  place  between  the  leading  mathematicians 
of  the  seventeenth  century,  which  lasted  for  forty  years,  as  to  the 
proper  way  of  measuring  the  force  of  a  body  in  motion.  The 
measure  taken  was  the  product  of  the  mass  of  the  body  into  its 
velocity.  Leibnitz  considered  that  it  should  be  the  product  of  the 
mass  into  the  square  of  the  velocity,  and  aU  Europe  was  soon 
divided  between   the   rival   theories.     The  strangest  part   of   the 
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controversy,  however,  was  that  the  same  problem  solved  by 
mathematicians  of  opposite  opinions  always  led  to  the  same 
solution.  D'Alembert  finally  showed  in  his  great  treatise  on 
dynamics  that  the  whole  dispute  was  a  question  of  words. 

The  accelerometer  mentioned  by  Mr.  Trotter  was  an  exceedingly 
interesting  little  instrument,  and  he  hoped  to  obtain  one  soon 
for  experimental  purposes. 

With  regard  to  Mr.  Spooner's  remarks  (page  929),  the  author 
had  known  many  cases  of  broken  draw-bars  due  to  the  unequal 
braking  of  the  trains,  and  could  quite  corroborate  Mr.  Spooner's 
experience.  The  author  recalled  one  breakage  in  particular 
when  travelling  on  the  engine  of  an  express  train.  The  train  was 
approaching  a  home  signal  which  was  expected  to  fall  and  did  not, 
with  the  result  that  the  brakes  were  suddenly  applied.  The  engine 
shot  forward  and  left  the  train  behind,  the  hook  between  the 
engine  and  the  tender  breaking  short  with  the  noise  of  an 
explosion.  This  was  due  to  the  unequal  braking  between  the 
engine  and  the  train,  the  train  having  been  much  more  heavily 
braked  than  the  engine. 


Communications. 


Mr.  William  Casson  wrote  that,  having  during  the  last  twelve 
years  spent  a  large  amount  of  time  in  the  preliminary  calculations 
for  electric  railways,  he  cordially  agreed  with  Mr.  Longland 
(page  924)  in  wishing  that  the  Paper  had  been  written  fifteen 
years  ago.  It  was  of  course  obvious  that  the  curves  for  a  long 
journey  would  cover  a  very  large  amount  of  space,  but  Professor 
Dalby  had  limited  his  Paper  to  the  accelerating  and  retarding 
periods,  so  that  the  criticism  was  hardly  apposite.  The  use  of 
curves  connecting  speed,  current  and  acceleration  with  time,  and 
the  use  of  the  area  of  one  curve  to  give  the  ordinates  for  the  next, 
and]so  on,  were,  of  course,  quite  a  familiar  study  with  anyone  who 
bad  had  to  do  the  preliminary  work  on  electric  railway  undertakings. 

3  T 
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Owing  to  the  special  suitability  of  electric  traction  for  short  run 
services,  most  of  the  cases  to  be  worked  out  were  of  this  type,  and 
for  these  Professor  Dalby's  method  should  save  a  great  deal  of 
laborious  work. 

Since    the    Paper   was    read    the    writer    had    had    to    make 
preliminary  calculations  for  an  electric  railway,  and  had  used  the 


Fig.  8. — Characteristic  Curves  for  130-ton  Train  equipped  with  4  d.c. 
series  Motors,  each  of  200  H.P. 
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method  described  in  the  Paper  with  good  results.  The  curves  for 
one  section  of  the  line,  2^  miles  between  stops,  was  shown  in 
Fig.  8.  A  comparison  of  these  curves  with  those  in  Professor 
Dalby's  Paper  was  interesting  as  showing  the  characteristic 
differences  in  the  performance  of  a  steam  locomotive  and  an  electric 
motor.  It  would  be  noticed  that  the  horizontal  part  of  the  tractive- 
force  curve  No.  1  was  much  greater  in  proportion  to  the  limiting 
speed  than  in  the  case  of  the  steam  locomotive.  This,  of  course, 
was  where  the  motor  made  use  of  having  a  power-house  behind  it. 
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This  horizontal  tractive-force  line  was  maintained  by  means  of  a 
controller,  as  the  speed  increased,  but  when  all  the  controller 
resistance  was  cut  out  and  the  motors  were  running  on  the  fuU 
voltage  of  the  line,  the  current  fell  off  as  the  speed  went  on 
increasing,  so  that  the  horse-power,  instead  of  remaining  constant 
as  in  the  case  of  Professor  Dalby's  steam  locomotive,  fell  off, 
causing  a  much  more  rapid  fall  in  the  tractive  force. 

The  curve  shown  was  for  a  direct-current  series  motor ;  with  a 
motor  of  the  shunt  type  or  an  alternating-current  induction  motor, 
the  tractive-effort  curve  remained  horizontal  almost  up  to  the 
maximum  running  speed,  then  fell  off  still  more  steeply.  The 
advantage  of  this  change  of  horse-power  with  speed  was  that  any 
increase  in  the  resistance  of  motion  of  the  train  due  to  curves, 
gradients,  or  wind  which  produced  a  fall  in  speed,  at  once  produced 
an  increase  of  horse-power,  so  that  the  falling  off  in  speed  was  less 
than  with  a  steam  locomotive.  Once  again  the  power-house  came 
to  the  rescue.  Unhappily  for  the  maker  of  preliminary  calculations, 
this  valuable  feature  of  the  electric  motor  complicated  matters  very 
much  from  his  point  of  view,  because  the  relation  of  speed  to 
tractive  effort  at  varying  loads  depended  on  the  design  of  the 
particular  motor,  and  curve  Xo.  1  could  not  be  accurately  drawn 
until  the  motor  was  decided  upon.  The  method  the  writer  had 
usually  adopted  was  to  work  out  very  roughly  the  run  over  an 
"  average  section  "  of  the  line,  that  is,  a  run  of  average  length  with 
an  allowance  for  gradients  and  curves,  and  from  this  to  decide  on 
the  motor  required.  The  whole  line  was  then  worked  out  in  detail, 
based  on  the  characteristics  of  the  selected  motor. 

The  train  -  resistance  curve  looked  somewhat  high,  but  the 
rolling-stock  was  somewhat  Hght  for  its  bulk,  and  the  number  of 
axles  was  large.  The  allowance  for  curves  was  1  lb.  per  ton  for 
each  "  degree  "  of  curvature  (a  curve  of  1  degree  being  5,730  feet 
radius).  The  kinetic  energy  of  rotation  was  just  over  8  per  cent, 
of  the  total  kinetic  energy  of  the  train,  so  that  a  tractive  force  of 
110  lb.  per  ton  gave  an  acceleration  of  1  mile  per  hour  per  second. 
The  weight  of  the  train  was  130  tons  (of  2,240  lb.)  and  the  voltage 
on 'the  third  rail  550.      The  braking-force  curve  was  shown  as  a 
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horizontal  line.  This,  of  course,  was  not  strictly  correct,  but  it 
correctly  showed  the  average  braking  force. 

The  figures  arrived  at  from  the  curves  had  been  checked  by 
making  out  a  balance  sheet  for  the  subdivision  of  the  energy  put 
into  the  train.    This  worked  out  as  shown  in  the  Table  on  page  937. 

It  might  be  of  interest  to  show  by  way  of  comparison  a  similar 
balance  sheet  for  a  section  of  tube  railway  with  stops  0*45  mile 
apart.  There  was  a  falling  gradient  of  1  in  33  out  of  each  station, 
and  a  gradient  of  1  in  66  before  entering  each  station.  The  effect 
of  this  could  best  be  shown  by  comparing  with  a  balance  sheet  for 
a  similar  service  without  such  gradients. 


Watt-hours  per  Ton-mile  with  Assisting  Gradients. 


Energy  from  3rd  rail         .              43 

Resistance  loss  . 

10 

„          „    gradient         .         .     14 

Motor  loss 

2 

12 

Train  resistance 

20 

Gradient  while  stopping 

14 

Kinetic     energy     absorbec 
in  brakes 

1 
11 

25 

57 

57 

Watt-hours  per  Ton-mile  t 

oithout  Assisting  Gradients. 

Energy  from  3rd  rail        .         .     60 

Besistance  loss 

12-5 

Motor  loss 

2-5 

15 

Train  resistance 

20 

60 


Kinetic     energy     absorbed 
in  brakes     ....       25 

60 


The  result  of  the  gradients  was  to  reduce  the  necessary  capacity 
of  the  motors  by  30  per  cent,  and  reduce  the  brake-block  wear  by 
more  than  50  per  cent.  In  tube  railway  work,  where  dust  was 
specially  to  be  avoided,  this  was  a  particularly  valuable  featvu-e. 
It  would  be  noticed  that,  in  spite  of  the  much  lower  speed  of  the 
train  in  the  tunnel,  the  train-resistance  figure  was  actually  higher 
than  on  the  open  section,  due  to  the  air  resistance  when  running  in 
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a  tunnel  of  very  little  larger  cross  section  than  the  train.  To  show 
the  effect  of  this,  it  might  be  of  interest  to  mention  that  a  train 
consisting  of  a  single  motor-car  took  just  half  the  current,  and  ran 
at  the  same  speed  as  a  train  of  seven  cars  of  which  two  were  motor- 
cars, the  speed  being  27  miles  per  hour  in  each  case.  The  motors 
in  this  case  were  those  for  which  the  tube  section  balance  sheet 
was  made  out,  which  were  about  half  the  rated  horse-power  of 
those  from  which  the  curves  were  traced.  At  a  speed  of  27  miles 
per  hour  the  total  tractive  effort  for  the  single  car  was  1,000  lb. 
and  that  for  the  seven-car  train  2,000  lb. 

From  the  well-known  Aspinall  formula,  the  tractive  resistances 
of  the  car  and  the  train  in  the  open  would  be  respectively  7 '  2  and 
6*65  lb.  per  ton,  giving  totals  of  166  and  770  lb.  There  was, 
therefore,  an  additional  total  resistance  due  to  running  in  the  tube 
which  was  obviously  independent  of  the  weight  of  the  train,  but 
would  depend  upon  its  length  and  sectional  area.  This  additional 
resistance  amounted  to  834  lb.  for  the  single  car  and  1,230  lb.  for 
the  train.  The  speed  for  the  single  car  and  the  train  being  the 
same,  the  head  and  tail  resistance  would  be  the  same  in  each  case, 
so  that  the  following  result  was  obtained : — 


Single  Car. 

Train. 

litional  head  and  tail  resistance 

.     768 

768 

,,          side  air  friction   . 

.       66 

462 

Total  additional  resistance  .         .     834  1 ,  230 

It  was  interesting  to  note  that  768  lb.  was  about  8*5  lb.  per 
square  foot  of  cross-sectional  area  of  the  train.  A  water-gauge 
showed  1*5  inch  difference  of  level  between  the  back  and  front 
of  the  train,  corresponding  to  7 '  8  lb.  per  square  foot. 

With  reference  to  coefficients  of  friction  for  brakes,  it  might 
be  of  interest  to  describe  a  machine  the  writer  had  fitted  up  for 
testing  this,  and  also  the  relative  life  of  tyre  and  brake-blocks.  It 
consisted  of  a  shaft  driven  by  a  motor  with  a  carriage-wheel  fixed 
on  it,  to  which  the  brake-block  was  applied  by  an  ordinary 
Westinghouse  cylinder  with  triple  valve  and  auxiliary  reservoir. 
It  was  intended  to  fit  a  fly-wheel  on  the  shaft  so  as  to  bring  the 
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total  kinetic  energy  of  the  system  up  to  the  kinetic  energy  to 
be  dealt  with  by  each  brake-block  in  service,  but  the  kinetic  energy 
of  the  armature,  gear,  shaft,  and  carriage-wheel  happened  to  work 
out  exactly  right  for  the  purpose. 

The  motor  was  controlled  by  being  connected  to  an  ordinary 
controller  with  the  handle  fixed  on  the  first  notch.  Attached  to 
the  shaft  was  a  centrifugal  governor  which,  on  reaching  the 
particular  speed  for  which  it  was  set,  closed  an  electric  circuit 
and  tripped  the  "  dead  man's  handle  "  valve  of  the  controller ;  this 
let  the  air  out  of  the  train-pipe,  and  so  cut  off  the  current  and 
applied  the  brake.  The  train-pipe  was  supplied  with  air  from  a 
reservoir  through  an  aperture — about  -j^^-inch  diameter — which 
was  open  all  the  time.  As  soon  as  the  brake  was  applied  and 
the  speed  began  to  fall,  the  "  dead  man's  handle  "  valve  was  closed 
automatically  and  the  train-pipe  began  to  feed  up,  but  owing  to 
the  small  aperture  the  pressure  did  not  rise  sufficiently  to  begin 
releasing  the  brakes  until  the  wheel  had  come  to  rest,  when  the 
rise  in  pressure  released  the  brakes  and  switched  the  current  on 
again.  The  apparatus  was  thus  entirely  automatic.  For  testing 
the  life  of  brake-blocks  and  tyres,  it  was  simply  set  going  and  left 
to  itself,  the  speed  at  which  the  governor  operated  being  adjusted 
to  about  14  miles  an  hour,  which  was  about  the  speed  at  which 
the  brakes  were  normally  applied.  The  number  of  applications 
of  the  brake  was  recorded  by  a  Yeeder  cyclometer  attached  to  the 
controller  valve-lever,  and  the  wear  of  the  block  and  tyre  measured 
at  intervals  as  required.  For  these  "  life "  tests  the  pressure  in 
the  main  reservoir  varied  between  80  and  90  lb.  as  on  the  trains, 
the  ordinary  compressor  and  automatic  governor  being  employed. 
For  tests  on  coefficients  of  friction  a  revolution-counter  and  stop- 
watch were  employed,  and  a  pressure-gauge  on  the  cylinder. 

Mr.  Bernard  M.  Jenkin  wrote  that  he  thought  the  Paper  was 
perhaps  of  even  greater  value  to  the  engineer  who  had  to  deal  with 
electric  traction  on  railways  than  to  the  locomotive  engineer. 
These  diagrams  offered  a  means  of  comparing  the  performance  of 
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an  electric  locomotive  with  a  steam  locomotive,  as  was  so  admirably 
shown  on  the  diagram,  Fig.  10. 

In  considering  the  conversion  of  subiirban  traffic  from  steam  to 
electric  traction,  the  very  first  consideration  was  the  extent  by 
which  the  service  could   be  accelerated.     The  performance  of  the 

Fig.  9. — Characteristic  Diagram  for  a  10-w.c.  Tank-eiigitie  weighing  78  tons 
and  hauling  300  tons. 


from. 


.■  ^1     I 


existing  steam  trains  could  be  measured  without  much  difficulty, 
at  least  as  far  as  acceleration  when  starting,  average  running 
speed  and  times  from  station  to  station  were  concerned.  But  to 
estimate  what  the  service  would  be,  if  converted  to  electric  traction, 
at  once  involved  calculations  and  the  plotting  of  curves  and 
diagrams  such  as  described  in  this  Paper. 
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Fortunately  the  curves  of  the  performance  of  an  electric  motor 
could  be  very  much  more  easily  and  accui-ately  obtained  than  could 
the  indicated  horse-power  of  a  locomotive.  The  motor  could  be 
tested  in  the  shops  under  different  loads  and  speeds,  and  a  tractive- 
effort   curve   obtained   corresponding   to   the   i.h.p.   curve   of    the 

Fig.  10. — Characteristic  Diagram  for  an  Electric  Train  weighing  302  tons 
and  having  24  d.c.  Motors. 


^iottedL  Carves  refer  to 
SOOTorvIhaiJv  worked,, 
•with  ou  Steojri/JiOCOTrwttVe 
^lO-OTayzJo. 


TotaZAmps. 

4-2M  40X72  'WO 


locomotive  shown  in  Fig.  1  (pages  882-3).  From  this  curve  and  the 
estimated  resistance  of  the  train  and  the  known  gradients  of  the 
line,  a  set  of  diagrams  could  be  plotted  as  described  in  the  Paper. 
These  at  once  gave  an  accurate  estimate  of  the  time  and  power 
that  would  be  taken  by  a  train  driven  by  such  motors  to  do  each 
section  of  the  journey.     By  drawing  these  diagrams  for  different 
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sizes  and  makes  of  motors,  a  true  and  accurate  comparison  between 
the  motors  could  be  made  as  to  their  suitability  for  the  work.  At 
the  same  time  the  demand  made  on  the  power-house  and  substations 
was  shown.  The  fuU  and  careful  working  out  of  these  estimates 
beforehand  was  essential  to  the  success  of  the  subsequent  working. 

The  fact  that  the  driver  of  the  train  had  the  full  power  of  the 
generating  station  to  draw  on  meant  that  he  would  draw  on  it  as 
he  found  necessary  to  keep  his  schedule  time.  Unless,  therefore, 
the  motors  and  their  gear  were  properly  chosen,  he  would  either 
be  overloading  his  motors  and  stripping  his  gear,  or  he  would  be 
making  unnecessarily  heavy  demands  on  the  power-house  and 
subsequently  be  wasting  power  in  wearing  out  his  brake-blocks  and 
tyres.  The  Paper  was,  therefore,  of  very  real  and  lasting  value 
to  those  engineers  who  had  to  deal  with  the  electrification  of 
railways,  and  he  was  sure  they  would  be  much  indebted  to  the 
author  for  having  given  them  so  complete  and  useful  a  tool  with 
which  to  do  their  work. 

Professor  Dalby  wrote  that  he  was  very  glad  to  see  that,  even 
in  the  short  time  which  had  elapsed  since  the  reading  of  his  Paper, 
Mr.  Casson  had  tried  the  method  and  found  it  useful,  and  that  he 
had  actually  employed  it  to  make  the  preliminary  calculations  in 
connection  with  an  electric  railway.  He  was  also  glad  to  learn 
how  thoroughly  it  was  appreciated  by  both  Mr.  Casson  and 
Mr,  Jenkin,  gentlemen  who  had  had  a  wide  experience  in  dealing 
with  problems  such  as  those  which  the  diagram  was  specially 
designed  to  assist  in  solving. 

Characteristic  dynamical  diagrams  were  shown  at  the  Meeting 
with  the  object  of  comparing  the  performance  of  electric  motors 
with  steam  locomotives,  in  connection  with  the  acceleration  of 
trains  of  the  same  weight.  The  curves  were  exhibited  in  Figs.  9  and 
10  (pages  942-3),  from  which  it  would  be  seen  that,  as  pointed  out 
by  Mr.  Casson  and  Mr.  Jenkin,  it  was  quite  impossible  for  a  steam 
locomotive  ever  to  compete  seriously  with  an  electric  motor  when 
it  was  merely  a  question  of  acceleration ;  with  an  electric  motor, 
the  tractive-force  curve  could  be  kept  horizontal   up   to   a   much 
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higher  speed  than  was  possible  in  the  case  of  a  steam  locomotive. 
The  question,  therefore,  was  one  of  the  fundamental  difference 
between  the  tractive-force  curves,  and  wherever  quick  acceleration 
was  desired  and  the  service  was  to  be  intermittent  with  a  short 
distance  between  the  stations — conditions  which  meant  that  the 
train  was  practically  always  being  accelerated  or  retarded,  there 
being  no  intermediate  period  between  the  stop  and  the  start  during 
which  a  train  could  run  at  any  approach  to  uniformity  of  speed — 
then  there  was  no  question  that  the  electric  motor  could  produce 
far  greater  acceleration  than  was  possible  with  any  locomotive  that 
could  be  designed  or  could  be  put  upon  the  road  with  the  present 
construction  gauge. 
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PROCEEDINGS. 


November  1912. 


An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  22nd  November  1912,  at  Eight  o'clock  p.m.;  Edward  B. 
Ellington,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  following  Papers  were  read  and  partly  discussed : — 

"  Yapour- Compression  Eefrigerating  Machines " ;  by  J.  Wemyss 
Anderson,  M.Eng.,  Member,  Dean  of  the  Faculty  of 
Engineering,  the  University  of  Liverpool. 

"  A  Contribution  to  the  Theory  of  Refrigerating  Machines " ;  by 
John  H.  Grindley,  D.Sc,  Member,  Principal,  Crawford 
Municipal  Technical  Institute,  of  Cork. 


The   Meeting  terminated  at  a   Quarter   to    Ten  o'clock.     The 
attendance  was  147  Members  and  90  Visitors. 
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VAPOUR-COMPRESSION  REFRIGERATING  MACHINES.*t 


By  J.  WEMYSS  ANDERSON,  M.  Eng.,  Member, 
Dean  of  the  Faculty  of  Engineebing,  the  Univebsity  of  Livebpool. 


Introduction. — The  progress  of  refrigeration  since  the  last  Paper  | 
on  the  subject  was  read  before  this  Institution  has  been  enormous. 
The  value  of  food-stuffs  imported  into  this  country,  subjected  more 
ot  less  to  refrigeration,  is  now  about  £130,000,000  per  annum, 
while  the  application  of  refrigeration  to  home  produce,  to 
manufactures,    to    industries,  '  and    to    the    many    miscellaneous 

*  In  the  Annual  Report  of  the  Institution  for  the  year  1906  the  Council 
referred  to  the  question  of  additional  research  work,  and  invited  suggestions 
thereon.  In  the  succeeding  Reports  (See  Proceedings  1908,  page  86,  and  1909, 
page  218)  the  Members  were  informed  that  inquiries  were  being  made  on 
three  subjects  with  a  view  to  the  appointment  of  Research  Committees. 
Mr.  J.  Wemyss  Anderson  was  invited  to  write  a  preliminary  Paper  upon  the 
features  of  Refrigerating  Machinery  in  which  further  investigation  is  needed ; 
and  the  present  Paper  has  therefore  been  prepared  for  presentation  to  the 
Members,  in  order  that  views  may  be  obtained  which  may  be  of  assistance  in 
the  prosecution  of  the  suggested  Research. 

t  In  view  of  some  subjects  in  this  Paper  having  been  referred  to  in  the 
Second  French  Congress  of  Refrigeration,  September  1912,  it  is  desirable  to 
state  that  the  manuscript  of  this  Paper  was  received  from  the  author  on 
2nd  February  1912. 

X  "On  Refrigerating  and  Ice-making  Machinery  and  Appliances."  By 
T.  B.  Lightfoot,  Proceedings,  I.Mech.E.,  May  1886,  page  201. 
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purposes,  makes  the  subject  one  of  great  importance  to  scientists 
and  engineers. 

The  "  enormous  progress "  has,  however,  been  more  of  a 
commercial  nature  than  a  scientific  one;  indeed,  no  branch  of 
mechanical  science  has  received  less  aid  in  this  country  from 
research  or  from  published  accounts  of  practical  progress  than  that 
of  mechanical  refrigeration. 

The  field  for  research  is  veiy  great  and  includes  the  machinery 
proper ;  the  construction,  equipment,  and  insulation  of  land  cold 
storages ;  design  of  ships  for  carrying  refrigerated  cargoes ;  the 
construction  of  ammunition  magazines  (chiefly  naval) ;  transpojrtation 
and  storage  of  perishable  produce ;  the  right  temperatures  for 
storing  various  goods ;  the  importance  of  steady  temperatui'es  in 
fruit  carrying  and  similar  cases ;  the  methods  of  registering 
temperatures  ;  the  condition  of  the  air  in  cold  storages  with  regard 
to  its  temperature,  purity  (ventilation),  humidity,  and  efiect  on  the 
goods  stored.  This  list  might  be  extended  ad  lib.  if  references  were 
made  to  industries,  such  as  the  drying  of  the  air  for  blast-furnaces, 
chemical  works,  soap  works,  etc. 

It  is  obvious  that  the  actual  refrigerating  machine  demands  the 
first  consideration,  and  of  these  the  principal  types  in  general  use 
are : — 

(1)  Vapour-compression  machines. 

(2)  Ammonia-absorption  machines. 

(3)  Cold-air  machines. 

The  last  named  are  not  now  relatively  so  important  as  when 
dealt  with  by  Mr.  Lightfoot  in  1886. 

The  ammonia-absorption  machine — an  important  section — can 
only  hope  to  hold  its  own  against  compression  machines  where 
waste  steam  or  waste  heat  in  some  other  form  is  available. 

The  first  named  is,  commercially,  by  far  the  most  important,  and 
on  this  ground  it  is  proposed  to  confine  this  Paper  entirely  to 
vapour-compression  machines. 

Action  of  Refrigerating  MacJiines.  —  Heat  will  naturally  flow 
irom  a  warm  to  a  colder  body,  but  if  a  quantity  of  matter  is  to  be 
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made  colder  than  its  surroundings,  heat  must  be  removed  from  it  by 
the  expenditure  of  work.  This  latter  action  is  the  function  of  a 
refrigerating  machine,  which,  in  consequence,  is  often  spoken  of  as 
a  "  heat-pump."  A  heat-pump  is  a  reversed  heat-engine.  The 
latter  receives  heat  at  a  high  temperature,  transforms  a  certain 
amount  of  this  heat  into  mechanical  work,  and  rejects  the 
remainder  at  a  lower  temperature. 

A  heat-pump  receives  heat  at  a  relatively  low  temperature, 
and  by  the  expenditure  of  mechanical  work  raises  it  to  a  higher 
temperature,  that  is,  sufficiently  high  to  allow  the  heat  to  dissipate.* 
The  total  heat  so  dissipated  is  the  heat  removed  from  the  cold 
body  together  with  the  heat  equivalent  of  the  work  expended  in 
removing  or  "  pumping  "  it  out. 

If  H2  =  heat  extracted  ; 

Hi  =  heat  dissipated  ; 
A  W  =  heat  equivalent  of  work  expended  ; 
then  Ho  +  A  W  =  Hi 

and  AW  =  Hi  -H2      .  .  .     (1) 

so  that  Hi  —  H2  =  heat  equivalent  of  work  expended. 

The  ratio  of  the  work  expended  to  the  heat  extracted  is  taken 
as  a  measure  of  the  efficiency  of  the  macliine,  but  this  ratio  being 
generally  greater  than  unity,  the  term  "  coefficient  of  performance" 
(indicated  by  77)  is  used  to  express  the  ratio. 

Thus  for  any  machine — 

^      ™  .      ,      »  p  Heat  extracted 

Coefficient  01  performance  =  tt — i •    1 — ^  :c ^ 3-^  • 

^  Heat  equivalent  of  work  expended 

Under  ideal  conditions,  from  Equation  (1) — 

v^u-l'u.        ■        ■        ■    (2) 

*  In  1852  the  late  Lord  Kelvin  pointed  out  that  the  heat  from  a  reversed 
heat-engine  could  be  economically  employed  for  warming  purposes.  In  the 
United  States  refrigerating  machines  are  now  employed  for  cooling  large 
private  houses  and  other  buildings  in  the  summer,  and  warming  them  in  the 
winter — efficient  ventilation  being  part  of  the  scheme. 

3  u 
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Also  under  ideal  conditions  the  heat  H2  would  all  be  taken  in 
at  the  temperature  To,  and  H^  all  discharged  at  t^  ;  hence 


H, 


Hi  —  Hj 


and  for  an  ideal  machine*- 


.     (3) 


A 

r 

D 

c 

Fig.  1. 

Diagram  of  Heat-Engine  which  in 
Beversed  Action  illustrates  the 

Cycle  of  Operations  in 
Yajyoiir-Comiwession  Machines. 


Cycle  of  Operations  in  Vapour-Compression  Machines. — The  heat- 
engine,  which  in  its  reversed  action  most  closely  resembles  the 
vapour-compression  machine,  is  the  reciprocating  condensing  steam- 
engine,  and  it  will  be  an  advantage  to  consider  this  well-known 
cycle  first. 


*  An  asterisk  indicates  that  tlie  subject  is  further  treated  or  demonstrated 
in  an  Appendix. 
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The  boiler  A,  Fig.  1,  is  supplied  with  heat  and  steam  generated 
at  Ti  and  p^. 

This  steam  does  work  in  the  cylinder  B,  part  of  its  heat  being 
converted  into  work,  the  steam  afterwards  being  condensed  (that  is, 
a  certain  amount  of  heat  is  lost  or  dissipated)  in  the  condenser  C  at 
T2  and  p2'  The  condensed  water  is  forced  back  into  the  boiler  by 
the  feed-pump  D — this  feed-pump  calling  for  an  expenditure  of 
work.  It  is  an  advantage  to  keep  this  feed-water  as  high  in 
temperature  as  possible. 

In  the  vapour-compression  machine  a  liquid  (refrigerant)  is 
vaporized  in  the  evapoi-ator  C,  at  a  pressure  p^,  by  the  supply  of  a 
quantity  of  heat  from  the  body  (or  fluid)  to  be  cooled  at  temperature 
T2.  The  vapour  so  formed  is  drawn  into  the  compressor  B,  at  a 
pressure  j?2?  ^^'^  then,  by  virtue  of  work  expended,  forced  into  the 
condenser  A,  where  it  is  liquefied  (generally  by  the  agency  of  water) 
at  Ti  and  p^.  By  means  of  a  regulating  valve  D  the  liquid  at  pi  is 
allowed  to  pass  in  regulated  quantities  into  the  evaporator  C  at 
P2,  for  re-evaporation.  Fig.  1  or  Fig.  2  (page  957).  This  liquid  should 
be  kept  as  low  in  temperature  as  possible. 

In  an  ideal  vapour  machine  the  regulating  valve  D  would  be 
replaced  by  an  expansion*  cylinder,  in  which  the  liquid  on  passing 
from  the  higher  to  the  lower  pressure  would  do  work.  This,  it  will 
be  seen,  would  give  a  closer  analogy  to  a  reversed  steam-engine,  as 
it  would  as  nearly  as  possible  reverse  the  action  of  the  feed-pump. 

In  this  cycle  of  operations  there  are  four  thermodynamic  losses, 
namely : — 

(a)  A  loss  due  to  the  free  expansion  at  the  regulating  valve ; 
this  operation,  being  non-reversible,  renders  the  entire  cycle  non- 
reversible, with  a  corresponding  thermodynamic  loss. 

(&)  The  refrigerant  in  the  compressor  becomes  superheated,  and 
this  superheat  has  to  be  given  to  the  condensing  water  by  a  non- 
reversible operation,  the  temperatures  of  the  refrigerant  and  the 
water  being  different,  resulting  in  a  further  thermodynamic  loss. 

(c)  To  facilitate  the  transfer  of   heat  between  the  refrigerant 

*  See  footnote  on  page  952. 
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and  the  condensing  water,  an  appreciable  difference  of  temperature 
is  allowed  between  them,  rendering  the  cycle  further  non-reversible. 

(d!)  The  same  applies  to  the  heat  transfer  between  the  refrigerant 
and  the  brine  (or  other  body  to  be  cooled),  supplying  the  necessary 
heat  for  vaporizing  the  refrigerant  in  the  evaporator. 

"With  regard  to  the  two  latter,  (c)  and  (d),  it  would  be  fruitless 
to  discuss  the  losses  further,  as  the  differences  of  temperature  are 
only  of  a  very  moderate  nature  in  practice  (10''  to  20")  and  no 
greater  than  actually  required  for  practical  purposes. 

The  loss  (a)  varies  with  the  refrigerant  used,  and  is  dealt  with 
in  Appendix  IV  (page  1019),  and  must  be  again  mentioned  in  the 
next  section  on  refrigerants. 

Loss  (6)  is  the  subject  of  much  controversy,  and  the  author  has 
not  been  able  to  find  conclusive  tests  on  the  relative  values  of  "  wet " 
and  "  dry  "  compression.*  In  this  country,  where  so  many  ammonia 
and  carbonic  anhydride  machines  are  used,  a  compromise  may  be 
said  to  be  the  general  practice. 

The  vapour  is  brought  back  to  the  compressor  in  a  somewhat  wet 
state  (that  is,  particles  of  liquid  suspended  in  the  vapour),  and  the 
amount  of  superheat  is  relatively  small,  making  the  use  of  a  Avater- 
jacket  unnecessary.*  In  the  United  States  as  much  "  cooling 
effect"  is  taken  out  of  the  vapour  as  possible,  and  it  goes  to  the 
compressor  in  a  dry  or  super-dry  state,  and  generally  becomes  highly 
superheated  on  compression,  the  compressors  being  water-jacketed, 
although  recent  practice  points  to  the  adoption  of  the  British 
method  of  working,  which  is  known  in  the  United  States  as  the 
"  flooded  "  system. 

Befrif/erants. — Thermodynamically,  it  does  not  matter  what 
fluid  is  employed  in  a  heat-engine  or  reversed  heat-engine,  yet  certain 
characteristics,  physical  properties,  and  practical  considerations 
limit  the  choice. 

"Water-steam  has  never  been  seriously  challenged  as  the  most 
suitable  fluid  for  engines  working  on  the  Rankine  cycle.     In  the 

*  See  footnote  on  page  952. 
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vapour-compression  refrigerating  machines,  however,  no  one  fluid 
holds  an  unchallenged  position — quite  a  number  are  employed, 
of  which  three  are  of  outstanding  importance,  namely,  anhydrous 
ammonia  (NH3),  carbonic  anhydride  (CO2)  and  sulphm-ous  anhydride 
(SO,). 

These  are  able  to  stand  the  temperatures  and  pressures  employed 
(water,  for  instance,  is  not  available,  as  it  would  freeze  at  the  low 
temperatures  required  in  refrigeration) ;  their  capacity  for  heat  is 
great  and  they  possess  low  temperature  vaporizing  points. 

Taking  —  4^  F.  and  +  86^  F.  as  limiting  temperatures  for 
the  purpose  of  comparison,  the  Tables  given  in  Appendix  II 
(pages  1007-9)  show  that  the  corresponding  pressures  for  NH3  are 
27  lb.  per  square  inch  absolute  and  170  lb.;  for  CO,,  288  lb.  and 
1,038  lb. ;  and  for  SO,,  9  lb.  and  66  lb.  per  square  inch  respectively. 

None  of  these  pressures  present  serious  difliculties,  but  in 
CO2  machines  special  care  has  to  be  taken,  particularly  in  the 
compressors,  to  prevent  leakage  past  the  piston  and  piston-rod 
and  through  the  stufiing-box  or  boxes. 

In  SO2  machines  the  working  pressure  in  the  evaporator,  for 
ice-making  and  similar  low  temperature  work,  is  below  atmospheric 
pressure,  and  there  is  a  danger  of  air  leaking  in,  which  in  itself 
would  eventually  seriously  aS'ect  efficient  working.  This  has  rather 
told  against  SO,  for  low  temperatures,  but  for  the  temperatures 
required  in  daily  work  the  evapoi-ator  pressure  is  above  that  of  the 
atmosphere  ;  under  these  and  in  fact  under  all  conditions,  SOo  forms 
a  most  efl&cient  refrigerant.* 

Ammonia-gas  in  large  quantities  is  exceedingly  noxious,  and  it 
is  impossible  for  a  man  to  live  in  the  fumes ;  hence  the  Board  of 
Trade  will  not  allow  a  NH3  machine  in  the  main  engine-room  of  a 
steamer. 

CO,  is  not  poisonous,  but  it  will  not  support  life.  It  is  much 
heavier  than  air,  and  consequently  in  a  closed  space  would  displace 
the  air  necessary  for  life ;  hence  the  Board  of  Trade  will  allow 
only  small  machines  in  the  main  engine-room  of  steamers. 

*  Sec  footnote  on  page  952. 
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Regarding  the  thermodynamic  losses,  that  at  the  regulating 
valve*  tells  rather  heavily  against  CO2 — NH3  and  SO2  being  much 
the  same.  It  is  not  suggested  that  an  expansion  cylinder  should 
be  used,  but  the  relative  losses  must  be  taken  into  account  when 
discussing  the  merits  of  the  three  refrigerants.  The  theoretical  loss 
due  to  superheating  again  tells  against  CO2,  while  SO2  is  rather 
better  than  NH3.     {See  Appendix  lY,  page  1019.) 

Taking  both  these  losses  into  account,  it  would  appear  that  SOg 
is  very  slightly  more  efficient  than  NH3,  while  CO2  is  a  very  bad 
third.  Here  again  really  reliable  comparative  tests  are  wanting, 
the  author  having  found  very  conflicting  evidence  in  the  published 
results  of  actual  trials.     {See  Appendix  YI,  page  1028.) 

The  practical  preference  for  NH3  over  SO2  appears  to  be  in  the 
fact  that  for  all  ordinary  working  temperatures  the  pressures  for 
KH3  are  above  the  atmosphere,  and  with  any  leak  the  ammonia 
makes  itself  felt,  while  for  SO2  air  may  leak  in  without  indication, 
as  previously  pointed  out. 

The  distinct  advantage  of  CO2  is  that  it  is  practically  inodorous. 
If  reliable  tests  proved  CO2  to  be  as  inefficient  as  theory  points  out, 
the  machine  would  still  justify  its  use  on  large  passenger  steamers, 
but  it  would  be  difficult  to  justify  its  use  on,  say,  a  man-of-war. 
Such  a  vessel  may  live  its  life  without  going  into  action,  and 
supposing  an  ammonia  machine  was  fitted,  it  would  be  quite  easy 
to  blow  off  the  charge  before  coming  in  touch  with  the  enemy. 

Finally,  in  comparing  the  three  refrigerants,  it  should  be  said 
for  a  given  refrigerating  effect*  SO2  is  the  largest  machine  and  CO, 
the  smallest,  but  the  working  pressures  (and  hence  thickness  of 
metals)  are  in  the  reverse  order,  so  as  regards  weight  and  cost  there 
is  very  little  to  choose  between  the  three  types  of  machines. 

Practical  Examples  of  Compression  Machines. — Fig.  2  indicates 
the  principal  parts  of  all  vapour-compression  machines,  \'iz. : — 

(1)  Eegulating  valve,  D.  (3)  Compressor,  B. 

(2)  Evaporator,  C.  (4)  Condenser,  A. 

*  See  footnote  on  page  952. 
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It  is  proposed  to  describe  these  parts  in  detail.  There  are, 
however,  other  parts  and  fittings  which  are  of  greater  or  less 
importance  according  to  the  type  of  machine  to  which  they  are 
fitted.  Fig.  2  indicjxtes  some  of  these.  E  is  a  scale-trap  fitted  on 
the  suction-pipe  between  the  evaporator  and  compressor,  and  so 
arranged  that  the  vapour  has  to  pass  through  a  gauze-wire  pocket 

Fig.  2. — Principal  Parts  of  Vapotir-Compression  Madiines. 
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which  effectually  traps  any  scale  coming  from  the  long  lengths  of  pipe 
in  use  on  the  machines,  and  thus  prevents  scoring  of  the  compressor 
walls  and  irregularity  in  the  working  of  the  mushroom  valves. 

F  and  G  combined  form  a  rectifier,  the  object  of  which  is  to  cjitch 
oil  or  other  fluid  passing  over  from  the  compressor.  F  is  a  cylindrical 
vessel  into  which  the  discharged  vapour  from  the  compressor  passes 
by  means  of  an  internal  pipe,  the  oil  thei-eby  being  thrown  to  the 
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bottom,  the  vapour  escaping  to  the  condenser  by  a  pipe  fitted  at  the 
top  of  the  vessel.  After  a  certain  period,  the  length  of  which  would 
depend  on  the  type  and  size  of  machine  and  on  the  dimensions  of 
the  vessel  F,  the  oil  is  blown  into  a  second  vessel  G,  after  which 
the  connection  between  F  and  G  is  again  closed.  By  a  simple 
arrangement  easily  followed  in  the  diagram,  the  vessel  is  brought 
under  the  lowest  pressure  in  the  system,  and  the  oil  can  then  be 
blown  off  into  buckets  for  re-use. 

H  indicates  a  charging  code,  through  which  new  charges  of 
refrigerant  are  introduced  into  the  machine.  The  exact  position  of 
this  fitting  varies  with  different  makers. 

Further,  a  liquid  receiver  is  often  fitted  between  the  condenser 
and  regulating  valve,  while  in  the  United  States  a  "  drier," 
consisting  of  a  cylindrical  vessel  in  which  quick -lime  is  placed,  is  so 
arranged  as  to  be  capable  of  being  brought  into  the  vapour  circuit 
of  ammonia  machines,  the  object  being  to  extract  any  aqueous 
vapour  that  might  have  worked  its  way  into  the  circuit  and  which 
seriously  afiects  the  coefficient  of  performance.  The  author 
considers  the  question  of  always  fitting  driers  to  machines  of  10  tons 
ice-making  per  day  and  upwards  should  receive  careful  consideration. 

Begidating  Valves. — The  amount  of  liquid  refrigerant  passing 
from  the  condenser  to  each  separate  section  of  the  evaporator  or 
evaporators  has  to  be  most  carefully  regulated  according  to  the 
actual  amount  of  cooling  to  be  performed  and  the  tempei-ature  to 
be  carried.  The  design  of  the  valves  necessary  for  this  purpose 
varies  in  practice,  but  in  the  main  they  are  simple,  ingenious  and 
effective. 

Fig.  3  shows  an  ammonia  regulating  valve  which  consists 
essentially  of  a  spindle  actuated  in  the  usual  way  by  means  of 
a  hand-wheel  and  plus  thread.  A  part  of  this  spindle  is  so 
arranged  as  to  form  an  ordinary  valve,  by  means  of  which  the 
liquid  can  be  completely  cut  off.  For  regulating  purposes  the 
spindle  is  extended  and  works  as  a  plug  in  the  body  of  the  valve 
casting.  This  plug  has  a  ^-shaped  notch,  which  not  only  widens 
but  also  deepens  from  the  top  downwards.     This  notch  (and  the 
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plus  thread)  permits  of  the  most  minute  regulation  of  the  amount 
of  liquid  passing.  The  wheel  is  often  fitted  with  a  finger  moving 
on  a  dial  to  indicate  the  amount  the  valve  is  actually  open. 


Fig.  3. — Ammonia  Ex])ansion  Valve.     Half  size.     (Sterne.) 


TO    EVAPORATOR 
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Evaporators. — Although  evaporators  differ  very  much  in  general 
form,  the  principle  underlying  their  action  and  dominating  their 
construction  is  the  same  in  all  machines,  namely,  the  refrigerant  is 
allowed  to  vaporize  in  small  (1  inch  to  2^  inches  diameter)  tubes  or 
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pipes,  the  pressure  of  vaporization  being  regulated  to  correspond  to 
the  desired  temperature.  The  exceptions  to  this  general  rule  as  to 
the  size  of  the  pipes  or  vessels  used  for  evaporators  are  so  few  as 
to  hardly  merit  any  further  mention.  Lap-welded  wrought-iron 
pipes  electrically  welded  or  jointed  together  are  generally  used,  but 
in  CO.,  machines  heavy  copper  pipes  are  also  employed,  both  in  the 
evaporator  and  condenser.  It  should  be  noted  that  copper  pipes 
cannot  be  used  with  NH3, 

The  heat  necessary  for  the  vaporization  of  the  refrigerant  is 
supplied  by  the  medium  surrounding  the  pipes — air  or  brine  in  the 
majority  of  cases,  and  water,  milk,  wort,  beer,  etc.,  in  special  machines. 
This  actual  cooUng  constitutes  the  refrigerating  effect  of  the 
machine,  and  in  the  case  of  water  or  milk  cooling  (say)  concludes 
the  work  of  the  machine.  Air  and  brine,  on  the  other  hand,  are 
generally  but  agents,  whereby  cooling  or  freezing  can  be  effected  at 
points  more  or  less  remote  from  the  machine. 

Fig.  4  shows  a  CO2  vertical  evaporator,  circular  in  form, 
with  concentric  coils  made  up  of  pipes  ^^-inch  bore.  This 
type  is  common  to  all  vapour-compression  machines.  As  a 
rule,  each  coil  is  separately  connected  to  the  inlet  header,  or 
manifold  at  the  bottom,  and  to  a  corresponding  outlet  at  the  top, 
each  coil  either  having  the  same  pitch  and  different  lengths  of  pipe, 
or  the  same  length  with  varying  pitches.  In  the  present  example 
there  are  six  coils  of  equal  pitch  with  only  two  CO2  inlets  and  two 
outlets,  these  four  openings  being  side  by  side  at  the  bottom.  The 
first  inlet  passes  direct  to  the  innermost  or  first  coil,  and  on 
reaching  the  top  is  taken  to  form  the  second  coil,  which  on 
reaching  the  bottom  forms  the  third  coil,  and  this  at  the  top  is 
continued  as  the  fourth,  the  bottom  of  which  forms  the  first  outlet 
or  suction  to  the  compressor.  The  second  inlet  connects  direct  to 
the  fifth  coil,  which  passes  over  at  the  top  to  the  sixth  or  outer 
coil,  which  at  the  bottom  forms  the  second  outlet.  The  mild-steel 
shell  is  made  in  halves,  which  are  bolted  together  as  indicated. 
This  construction  facilitates  erection,  inspection,  and  cleaning. 

The  brine  inlet  is  at  the  top  and  the  outlet  diametrically 
opposite  at  the  bottom,  thus  ensuring  efiicient  circulation — a  most 
important    matter,    considering    the    difference    of    temperatures 
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between  the  refrigerant  and  the  brine  is  not  likely  to  exceed  20°  F. 
Evaporators  are  often  fitted  with  agitating  paddles  {see  Fig.  25, 
page  989)  to  keep  up  an  effective  "scrubbing"  action  between  the 
brine  and  the  walls  of  the  pipes.  A  cover  fitted  with  a  relief -valve 
is  shown,  as  the  evaporator.  Fig.  4,  is  intended  for  marine  use,  and 
therefore  a  closed  brine  circuit  is  desirable.  The  coils  are  carefully 
stayed  in  position  by  plates  and  cKps.  This  type  of  evaporator 
is  also  extensively  used  for  land  purposes,  the  cooled  brine  being 
afterwards  circulated  either  in  pipes  placed  in  the  chambers  of  the 
cold  stores  or  through  ice-tanks  for  ice-making. 

Evaporators  take  varying  forms  to  suit  particular  requirements, 
and  some  of  these  forms  will  be  described  later  in  the  Paper  under 
"General  Arrangements"  (page  981). 

Condensers. — Condensers  for  vapour-compression  machines  may 
be  divided  into  three  main  classes : — 

(1)  Submerged; 

(2)  Atmospheric; 

(3)  Double-pipe. 

In  all  three  classes  the  refrigerant  is  kept  inside  small  tubes  or 
pipes  (seldom  exceeding  2^  inches  diameter),  the  condensing  medium 
being  on  the  outside.  In  this  respect  the  condenser  resembles  the 
evaporator — indeed,  for  marine  purposes,  connections  are  often 
arranged  so  that  the  two  may  be  interchangeable. 

The  submerged  condenser  is  either  rectangvdar  or  circular  in 
plan.  In  the  former  case  the  pipes  (up  to  1^  inch  diameter),  in 
continuous  lengths,  are  bent  backwards  and  forwards  within  the 
given  length  to  form  grids  or  elongated  coUs.  This  type  is 
commonly  used  in  marine  work,  the  grids  being  fitted  into  box- 
shaped  bed-plates,  which  carry  the  engine  and  compressor.  Submerged 
condensers  may  also  be  made  of  2-inch  or  2^-inch  pipes,  screwed 
and  then  soldered  into  return-bends  of  3^-inch  or  4-inch  centres, 
the  construction  of  the  grids  being  similar  to  those  in  Fig.  5. 

The  circular  form  of  condenser  is  similar  to  the  evaporator. 
Fig.  4,  just  described.  The  hot  gas  enters  a  manifold  at  the  top 
and  is  distributed  tln-ough  concentric  coils,  the  liquid   collecting 
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through  a  manifold  at  the  bottom.  The  water  enters  at  the  bottom 
and  flows  out  at  the  top — the  liquid  refrigerant  being  thus  cooled 
to  the  lowest  possible  temperature.  Theory  and  practice  indicate 
that  the  cooling  of  the  liquid  refrigerant,  after  condensation,  to  the 
coldest  temperature  reached  in  the  plant  is  a  distinct  advantage  — 
in  but  few  machines,  however,  are  even  the  most  elementary  steps 
taken  to  secure  this  advantage.  Submerged  condensers  are  only  to  be 
recommended  when  water  is  plentiful  and  cheap — as  on  shipboard. 

Fig.  5.  —Contrafloio  NH3  Condenser.     (Haslam.) 
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When  water  is  a  consideration,  considerable  economy  can  be 
effected  by  using  an  atmospheric  condenser,  that  is,  condensers 
where  either  the  air  or  water  and  air  combined  perform  the 
necessary  cooling.  They  consist  of  grids  of  pipes  (1-inch  or  1^- 
inch  pipes  in  continuous  lengths  or  2-inch  to  2^-inch  pipes  built  up 
by  return  bends)  stacked  together  in  vertical  sheets.  If  air  is  to 
be  the  cooling  agent,  the  sheets:  must  be  boxed  in  and  air  circulated 
by  a  fan  or  fans — a  method  adopted  in  the  United  States.  If  water 
is  used — the  ordinary  British  method — it  is  allowed  to  trickle  down 
the  grids  into  a  pan  or  tank  undei'neath,  the  coils  being  protected 
from  the  direct  rays  of  the  sun  (if  necessary)  by  louvi-e  boards. 
The  water  may  run  direct  to  waste  or  be  used  over  and  over  again. 
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At  Messrs.  Ruddin's  Central  Cold  Stores  erected  in  the  heart  of 
Liverpool,  the  author  has  found  that  an  exceptionally  large  tank 
(22  feet  X  11  feet  X  2*5  feet)  for  the  size  of  the  plant  has  resulted 
in  a  most  marked  economy — the  amount  of  water  used  in  a  week 
not  exceeding  that  generally  required  per  hour — the  reasons  being 
the  vitiKzation  of  rain-water  and  the  natural  cooling  of  the  water  in 
the  tank  during  the  night. 

Fig.  5  shows  an  atmospheric  contraflow  ammonia  condenser. 
The  vapour  from  the  compressor  is  carried  to  a  tee  or  manifold  at 
the  bottom  and  there  distributed  to  vertical  grids.  Water  falls 
on  the  outside  and  consequently  the  warmer  water  meets  the 
warmer  vapour.  Liquid  will,  of  course,  be  formed  at  varying 
heights,  and  small  pipes  are  fitted  at  different  points  in  the  grid  to 
carry  ofi"  the  liquid  as  soon  as  formed  to  the  liquid  tee  or  manifold. 

Fig.  6  illustrates  a  special  type  of  condenser  that  is  rapidly 
finding  favour  where  conditions  are  not  suitable  for  either 
atmospheric  or  submerged  condensers.  It  is  known  as  the 
"  double-pipe  "  condenser,  and  in  this  example  1^-inch  water-pipes 
run  through  2-inch  ammonia-pipes — the  details  of  construction 
can  be  readily  followed  from  the  drawing.  The  hot  vapour  is 
brought  in  at  the  top  and  the  cold  water  at  the  bottom,  the  whole 
forming  an  efi"ective  and  efficient  condenser. 

It  must  be  here  mentioned  that  exactly  similar  constructions 
are  being  utilized  as  evaporators  or  "  brine  coolers  "  and  even  triple 
pipes  are  employed — the  refrigerant  passing  through  the  annular 
space  so  formed.  Particular  forms  of  condensers  will  be  mentioned 
later  when  describing  "  General  Arrangements." 

Compressors. — Compressors  may  be  divided  into  two  main 
classes,  namely : — 

(1)  Double-acting. 

(2)  Single-acting. 

These  two  classes  may  be  again  sub-divided  into  two  sections, 
namely : — 

(i)  Horizontal, 
(ii)  Vertical. 
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Broadly  speaking,  horizontal  compressors  are  double-acting  and 
the  vertical,  single-acting. 

A  fairly  uniform  piston-speed  is  maintained  in  all  cases,  and 
consequent  on  the  fact   that  horizontal  machines  have   a   longer 


stroke  (compared  to  diameter)  than  the  vertical  ones,  it  follows 
that  the  latter  type  run  at  a  greater  number  of  revolutions,  and  in 
certain  makes,  quite  a  high  speed  (revolutions)  is  maintained. 

Apart  from  purely  mechanical  considerations,  one  point  in  the 
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design  of  a  compressor  stands  out  as  all  important,  that  is,  the 
clearance  between  the  piston  and  covers  at  each  end  of  the  stroke 
must  be  a  minimum — the  reason  being  that  the  compressor  should, 
if  possible,  draw  on  the  suction-valve  immediately  the  return  stroke 
begins.  The  vapour  that  remains  trapped  in  the  clearance  space  is 
at  the  superior  pressure  of  the  system,  and  the  piston  must  travel  a 
very  definite  distance  before  this  vapour  can  expand  below  the  suction 
or  inferior  pressure,  and  so  allow  the  fresh  charge  to  be  admitted. 

Apart  from  making  the  clearance  as  small  as  possible  and 
keeping  the  bearings  and  all  other  parts  mechanically  sound, 
nothing  further  is  done  as  a  general  rule.     An  outstanding  exception 


Fig.  8. — Section  of  NH^  Compressor.    (Haslam.) 


is  the  "  De  la  Vergne  "  system,  where  vertical  compressors  are  used, 
and  the  top  of  the  piston  carries  a  layer  of  oil  sufficiently  deep  to 
ensure  that  the  whole  of  the  vapour  (ammonia)  is  forced  out  at  the 
end  of  the  stroke. 

Fig.  7  is  a  10-inch  diameter  by  18-inch  stroke  hor-izontal 
double-acting  belt-driven  ammonia  compressor.  The  main  casting 
is  a  simple  one,  being  a  plain  cylinder  provided  with  feet  or 
lugs  for  bolting  to  the  bed-plate,  no  jacket  or  liner  being  fitted. 
The  covers  carry  the  suction  and  discharge  valves  and  the 
cover  at  the  front  also  carries  the  stuffing-box.  The  valves  are 
arranged  so  as  to  be  easily  accessible,  and  on  the  removal  of  a  cover 
a  sleeve  can  be  withdrawn  containing  the  whole  of  the  valve  and 
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its  parts.  The  machine  is  designed  to  run  at  80  revolutions  per 
minute,  and  the  scale  will  allow  the  leading  sizes  and  the  floor  space 
occupied  to  be  determined.  Photos  of  similar  compressors  are 
shown  on  Plate  42. 

Fig.  8  shows  the  type  adopted  by  Messrs.  Haslam  (Derby)  for 
all  their  ammonia  compressors.  In  general  outline  it  is  very 
similar  to  Fig.  7,  and,  taken  with  Fig.  9,  it  illustrates  the  degree  of 
standardization  which  has  been  reached  in  horizontal  ammonia 
compressors.  The  valves,  however,  diflfer  in  important  detail,  and, 
together  with  the  stuffing-box,  will  amply  repay  careful  examination. 

Fig.  9  is  a  12-inch  diameter  by  21 -inch  stroke  horizontal 
double-acting  ammonia  compressor.  The  main  difference  between 
this  Figure  and  Figs.  7  and  8  lies  in  the  liner,  which  is  fitted 
and  kept  in  position  by  the  covers.  This  arrangement  has 
all  the  advantages  generally  claimed  for  liners,  and  the  claim 
that  so  simple  a  casting  can  be  made  with  a  specially  close-grained 
cast-iron  is  one  of  great  importance,  inasmuch  as  ammonia 
readily  finds  out  any  slightly  extra  porosity.  The  need  of 
reducing  the  clearance  space  to  a  minimum  has  already  been 
emphasized,  and,  as  the  suction  valves  open  inwards,  particular  care 
is  taken  that  these  valves  are  well  guided  so  as  to  prevent  afiy 
possibility  of  "  sticking."  It  should  be  further  noted  that  the 
weakest  part  of  the  suction-valve  spindle  is  at  the  end  in  the  thread 
under  the  nut  controlling  the  spring.  If  the  spindle  should  break 
at  this  point,  a  nut  lower  down  is  so  arranged  to  prevent  the  valve 
dropping  into  the  compressor. 

The  lift  of  the  discharge- valve  is  regulated  by  a  stop  kept  in 
position  by  a  strong  spring.  This  serves  as  a  buffer  and  reduces 
the  shock  or  jar,  and  further,  on  occasion,  will  allow  the  valve  an 
increased  lift  should  an  undue  pressure  (say  from  liquid  ammonia) 
be  set  up  at  the  end  of  the  stroke.  The  stufiing-box  is  arranged 
for  metallic  packing,  and  in  the  main  box  will  be  noticed  a  sleeve 
designed  to  leave  an  annular  space  between  the  rod  and  the  box. 
This  space  is  connected  {see  Fig.  11,  page  971)  with  the  suction  side  of 
the  compressor  and  fulfils  two  functions — first,  it  takes  back  any  high- 
pressure  ammonia  that  might  have  so  far  leaked  past,  and,  secondly, 
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it  provides  that  the  remainder  of  the  box  shall  only  be  under 
suction  pressure.  This  ingenious  and  simple  device  is  adopted  by 
most  makers. 

Fig.  10  shows  an  elevation  of  Fig.  9 — three  such  compressors  being 
driven  direct  from  the  tail-rods  of  the  cylinders  of  a  triple-expansion 
engine — the  whole  forming  a  powerful  and  compact  installation  for 
shipboard.     A  photo  of  the  machine  is  given  on  Plate  43. 

Extra  precautions  have  to  be  taken  in  refrigeration  to  ensure 
(particularly  in  marine  work),  as  far  as  possible,  immunity  from 
complete  breakdown,  and  in  Fig.  10  the  possible  combinations  in 
case  of  necessity  are  too  numerous  to  mention,  but  it  must  be  stated 

Fig.  10.— 12"  x  21"  Triplex  NH^  Compressor.     {See  also  Plate  43.) 
(The  L.  R.  Co.) 


that  any  two  cylinders  of  the  engine  can  be  worked  together 
compound,  and  also  any  single  cylinder  by  itself ;  further,  as  long  as 
the  crankshaft  and  rods  hold  out,  any  one  cylinder  will  drive  any 
one  compressor.  Small  faces  are  provided  for  gauge  and  similar 
connections  indicated  in  Fig.  1 1 . 

Fig.  11  gives  the  details  of  connections  similar  to  those 
fitted  to  the  compressors  given  in  Figs.  9  and  10,  although 
the  actual  dimensions  are  for  a  longer  stroke,  namely,  12  inches  by 
24  inches.  The  arrangements  are  so  clear  in  the  drawing  as 
to  call  for  little  or  no  comment,  but  the  stuffing-box  relief 
connections  should  be  noted  and  also  the  lubricator  to  the 
rod,  which  is  so  arranged  as  to  keep  a  space  in  an  outer  gland 
{see  Fig.    9)    flooded   with   a    special   oil,   a    further    smaU    gland 
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Fig.  u.— Arrangement  of  Compressor  Cylinder.    12"  x  24"  NH^.     (The  L.  R.  Co.) 
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keeping  this  oil  in  place.  It  is  sometimes  an  advantage  to  so 
arrange  the  suction  connections,  that  each  end  of  the  compressor  (see 
also  Fig.  25,  page  989)  can  draw  from  separate  evaporators — it  being 
remembered  that  temperatures  are  regulated  by  suction  pressures — 
and  different  suction  pressures  could  be  carried  in  the  present  case 
by  having  a  separate  connection  with  valve  for  each  suction  end. 
A  cross  connection  with  valve  would  also  enable  the  full  compressor 
to  draw  from  any  one  evaporator  or  from  both  under  the  same 
suction  pressure.' 

Fig.  12  shows  an  arrangement  of  two  9-inch  diameter  by  15-inch 
stroke  ammonia  compressors  by  the  same  firm  as  the  three  previous 
figures.  The  main  difference  (apart  from  the  number  of  compressors) 
between  this  arrangement  and  that  shown  in  Fig.  10,  and  the 
reason  for  its  introduction,  is  that  two  separate  and  distinct 
ammonia  condensers — one  for  each  compressor — are  placed  in  the 
box  bed-plate,  this  being  in  accordance  with  ordinary  marine  practice, 
a  cross  connection  allowing  any  one  compressor  to  work  with  any 
one  condenser.  In  ordinary  working,  the  two  condensers  are  often 
worked  as  one  whole.  The  ammonia  and  water  connections  can  be 
readily  followed  and  call  for  no  description.  The  liquid  connection  to 
the  evaporator  is  shown  at  the  bottom  left  hand  of  the  elevation. 
A  photo  of  a  similar  arrangement  is  given  on  Plate  43. 

Fig.  13  is  an  8-inch  by  12-inch  vertical  ammonia  compressor. 
On  shipboard,  while  admitting  space  is  always  restricted,  yet 
the  greatest  restriction  lies  in  the  height  between  decks,  and 
hence,  as  seen  in  Figs.  10  and  11,  the  more  powerful  marine 
plants  are  fitted  with  horizontal  compressors.  In  certain  business 
premises  on  land,  more  particularly  in  the  heart  of  a  city,  it  is  the 
floor  space  that  is  the  most  valuable,  the  height  being  in  no  case  so 
restricted  as  on  shipboard.  In  such  locations,  particularly  with  a 
belt  drive,  a  vertical  compressor  is  the  better  type  to  employ.  In 
main  design  the  Figure  is  very  similar  to  the  horizontal  compressors 
previously  descx'ibed. 

The  whole  of  the  working  parts  are  enclosed,  and  a  portion  of 
the  crank-chamber  to  just  above  the  shaft  is  filled  with  special 
(low-point  freezing)  oil,  the  remainder  of  the  space  being  connected 
to  the  suction  circuit,  the  usual  pressure  of  which  may  be  taken  as 
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15  lb.  per  square  inch  above  the  atmosphere.  The  shaft  is  provided 
with  a  stuffing-box,  the  function  of  which  is  to  prevent  the  oil  from 
leaking  out,  the  oil  effectually  sealing  this  possible  source  of 
leakage  from  the  ammonia  gas.  The  whole  arrangement  as  shown 
is  equivalent  to  one  8-inch  by  12-inch  double-acting  compressor, 
but,  whereas  the  double-acting  compressor  would  not  likely  run 
above  80  revolutions  per  minute,  this  compressor  is  designed  to  run 


Fig.  14, 

4"  X  4"  NHj  Enclosed  Compressor 
(Sterne 


at  120  revolutions  per  minute.     A  photo  of  the  machine  is  shown 
on  Plate  42. 

Fig.  14  is  a  vertical  ammonia  compressor.  The  design,  although 
distinctive,  follows  much  the  same  lines  as  those  previously 
described,  and  oil  is  used  as  in  Fig.  13.  The  main  point  of 
note  is  the  short  stroke,  which  is  the  same  as  the  diameter,  , 
namely,  4  inches.  It  is  frequently  found  that  high-speed  shafting 
or  an  electric  motor  happens  to  be  the  most  convenient  source  of 
power,  and  in  such  cases  a  quick-revolution  compressor  is  a  distinct 
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advantage.     In  the  present  case  the  compressor  is  designed  to  run 
at  200  revolutions  per  minute  as  a  maximum. 

Fig.  15  isanSOj  horizontal  double-acting  belt-driven  compressor, 
8  inches  diameter  by  9  inches  stroke.     The  same  main  features,  as 

Fig.  15. 

8"  X  9"  Sulphurous  Anhydride  Comp-essor. 

(Douglas.) 


previously  outlined  in  ammonia  compressors,  are  to  be  observed. 
The  construction  is  simple,  the  compressor-waU  being  a  liner  with 
a  water- circulating  space  between  it  and  the  main  body  casting. 
The  water  is  first  circulated  round  the  liner  and  then  by  means  of  a 
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small  pipe,  clearly  indicated,  is  taken  to  the  front  cover  and 
circulated  round  the  compressor  end  of  the  stuffing-box.  This 
box  is  of  the  long  single  type,  and  is  aU  that  is  required  for  the 
pressures  to  be  met.  The  whole  design  is  simple  and  makes  a  very 
effective  machine. 

Fig.  16  is  a  3J-inch  by  10-inch  CO2  compressor.  It  consists  of 
special  cast-iron  liner  fitting  for  practically  its  whole  length  into  a 
cast-steel  body  ;  the  end-covers  which  carry  the  valves  and  keep  the 
liner  in  position  are  of  mild  steel,  the  stuffing-box  being  bolted  on  as 
a  separate  piece  on  the  front  end.  The  very  high  condensing  pressure 
of  CO2  (average  about  900  to  1,000  lb.  per  square  inch)  calls  for  special 
care  in  the  stuffing-box,  and  in  the  present  case  it  is  arranged  to 
supply  the  centre  of  the  box  with  oil  at  a  pressure  slightly  higher 
than  the  condensing  pressure.  Cup  leathers  (woodite  rings)  prevent 
this  oil  from  passing  outwards,  and  it  tends  to  pass  into  the 
compressor,  the  whole  design  effectively  preventing  the  escape  of 
COg.  A  special  oil-trap  (see  Fig.  18,  page  980)  is  arranged  to  catch 
this  oil  on  the  discharge  pipe. 

The  great  difference  between  the  evaporator  (suction)  and 
condenser  (discharge  or  delivery)  pressures  (say  600  to  700  lb. 
square  inch)  means  that  the  greatest  care  must  be  exercised  in  the 
finish  of  the  bore  of  the  compressor  and  also  in  the  design  and 
manufacture  of  the  piston.  In  the  present  example  the  piston  and 
piston-rod  are  turned  from  a  single  bar  of  special  steel,  the  six  packing- 
rings  being  threaded  on  in  five  rings,  kept  in  position  by  a  ring  at 
the  end  made  in  halves,  the  two  parts  simply  slipping  into  position. 
The  clearance  spaces,  on  account  of  the  position  of  the  valves, 
cannot  relatively  be  so  finely  adjusted  as  in  ammonia  compressors, 
but  the  greater  ratio  that  always  exists  in  COg  machines  between 
the  diameter  and  stroke  compensates  for  the  clearance  loss. 

Fig.  17  is  a  CO2  compressor,  2|  inches  by  7  J-  inches.  In  the 
main  this  compressor  is  similar  to  Fig.  16,  and  again  serves  to 
show  how  the  result  of  practical  experience  tends  to  bring  about 
a  standardization  of  design  in  machines  performing  exactly  the 
same  class  of  work.  The  details  of  both  the  stuffing-box  and 
valves  differ  slightly  from  Fig.  16,  but  they  are  so  clearly  shown 
that  the  construction  can  be  readily  followed. 
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Fig.  18  (page  980)  is  a  general  arrangement  of  what  is  known 
as  a  4^-incli  by  15-inch  COj  "  duplex  machine  "  for  marine  purposes, 
that  is,  the  double-acting  compressors,  each  of  the  sizes  given, 
are  arranged  to  work  as  one  machine  with  a  common  condenser 
in  the  box  bed-plate,  but  each  compressor  can,  if  desired,  work 
alone  with  its  own  separate  condenser,  while  in  the  case  of  a 
breakdown  in  one  or  more  sections  of  the  machine  there  are  several 
possible  cross  combinations. 

Although  of  larger  size  the  views  given  of  the  compressors  may 
be  taken  to  supplement  those  given  in  Fig.  16,  and,  together  with 

Fig.  VI.— Section  o/2|"  x  7^"  CO2  Compressor.    (Haslam.) 


20  INCHES 


the  connections,  are  so  clear  that  detailed  description  is  unnecessary. 
The  pressure  lubricator,  however,  deserves  special  mention.  It 
consists  essentially  of  a  little  plunger-pump.  The  vapour  at  the 
superior  pressure  from  the  discharge-pipe  is  allowed  to  act  on  the 
side  of  the  plunger  remote  from  the  rod.  On  the  other  side,  in 
the  annular  space  between  the  rod  and  the  barrel,  there  is  a  special 
oil,  which,  on  account  of  the  difi'erence  in  area,  is  forced  along  a 
small  copper  pipe  to  the  stuffing-box,  at  a  pressure  slightly  higher 
than  the  discharge  pressure  of  the  machine,  the  result  being,  as 
previously  explained,  the  CO2  is  prevented  from  leaking  outwards, 
the  oil  rather  leaking  in.  The  condensers,  as  mentioned,  are 
formed  by  the  box  bed-plate  and  solid-drawn  copper  pipes  made  up 
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into  oval  coils  placed  in  sets,  one  inside  the  other,  to  economize 
space,  six  separate  circuits  being  arranged  in  each  condenser  all 
connecting  to  headers  or  manifolds  at  the  top  and  bottom,  the 
whole  making  a  very  compact  machine,  a  photo  of  which  is  given 
on  Plate  43. 

Vertical  CO2  compressors  are  also  extensively  used,  but  they  do 
not  present  any  distinctive  features  from  those  already  described — 
excepting,  perhaps,  that  they  are  frequently  cast  in  bronze.  Photos 
of  vertical  CO2  compressors  are  given  on  Plate  44.     Some  makers 

Fig.  19. — Sectional  Diagram  of  a  SO2  JRefrigerating  Machine  for  Milk  Cooling 
by  means  of  a  Compound  Cooler.     (Douglas-Conroy.) 

SO2  DELIVERY    TO    EVAPORATOR 


REGULATINO 
VALVE 


cut  both  horizontal  and  vertical  CO2  compressors  from  a  solid 
block  of  mild  steel ;  an  excellent  example  is  shown  in  the  bottom 
photo,  Plate  44. 


General  Arrangements. — Fig.  2  (page  957),  as  already  described, 
indicates  diagrammatically  the  cycle  of  operations  in  a  compression 
machine ;  it  is  now  proposed  to  examine,  as  typical  examples  only, 
a  few  actual  general  arrangements.  It  should  be  noted  that 
although  methods,  uses,  and  details  vary  greatly,  there  is  no 
departure  whatever  from  the  cycle  of  the  refrigerant. 
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Fig.  19  and  Plate  45  show  a  milk-cooler.  A  single-acting, 
water-jacketed,  vertical  SO2  compressor  is  mounted  on  the 
condenser  which  encloses  a  single  coil  of  pipe.  The  vapour 
from  the  compressor  enters  the  top  of  this  coil,  the  resulting 
liquid  passing  away  from  the  bottom  by  an  internal  vertical  pipe 
to  the  regulating  valve.  The  condensing  water  enters  at  the 
bottom  and  leaves  at  the  top.  After  passing  the  regulating 
valve  the  SO2  is  taken  direct  to  the  bottom  of  an  internal  coil  in 
the  evaporator ;  the  top  of  this  coil  is  connected  with  the  bottom  of 
a  larger  coil,  and  after  passing  through  this  to  the  top  the  expanded 
vapour  is  led  by  a  suction  pipe  back  to  the  compressor.  Brine  is 
circulated  round  the  coils  and  supplies  the  heat  necessary  for  the 
complete  evaporation  of  the  SO2,  the  brine  being  thereby  cooled. 

Through  the  top  portion  of  the  actual  milk-cooler  water  is 
circulated,  and  through  the  lower  portion  the  cold  brine  from  the 
evaporator  is  passed — the  water  doing  the  preliminary  cooling  and 
the  brine  the  final  cooling  of  the  milk.  The  milk  is  thus  the  heat 
inlet  to  the  machine,  the  complete  heat  circuit  being : — milk  to 
brine  in  the  cooler,  brine  to  SO2  in  the  evaporator,  SO2  to  the 
condensing  water.  The  condensing  water  is  therefore  the  lieat 
outlet,  and  the  total  heat  carried  away  would  be  that  taken  from  the 
milk  plus  the  heat  equivalent  of  work  expended  in  the  compressor 
plus  the  heat  leakage  into  the  machine  and  its  connections.  (For 
the  approximate  amounts  of  these  three  quantities  of  heat  in 
various  sized  machines,  see  Appendix  V,  page  1027.) 

The  chief  mechanical  details  can  be  easily  followed  from  the 
Figure,  but  it  should  be  noted  that,  by  an  arrangement  of  two  valves 
and  a  by-pass  overflow  pipe,  the  amount  of  cold  brine  flowing 
through  the  cooler  can  be  so  regulated  that  the  milk  runs  off  the 
cooler  at  the  desired  temperature. 

The  insulation  around  the  evaporator  is  to  prevent  an  undue 
influx  of  external  heat  to  the  brine.  A  photo  of  a  complete  SO^ 
machine  for  land  use  is  shown  on  Plate  45. 

Fig.  20  is  a  water-cooling  plant  for  a  brewexy.  Here  the 
ammonia  compressor  is  duplicated  as  being  the  part  requiring 
most  attention — repairs  and  re-adjustments — and  to  avoid,  as  far 
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Fig.  20.— Water-Cooling  Plant  in  Brcxocry.     Arrangement  of  Piping 
in  Refrigerating  Engine  Boom.    (Haslam.) 

10 
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as  possible,  complete  stoppage  by  breakdown.  The  evaporator 
consists  of  a  series  of  horizontal  pipes  formed  into  vertical 
grids,  down  which,  on  the  outside,  the  water  to  be  cooled 
trickles.  The  ammonia  vaporizes  inside  these  pipes  by  virtue  of 
the  heat  supplied  by  the  water,  the  resultant  vapour  in  the  pipes 
being  drawn  off  by  the  compressor  and  discharged  into  the 
condenser,  which  is  of  the  atmospheric  type ;  the  resultant  liquid 

Fig.  21. — General  Arrangement  of  Cold  Stores.     Cooled  by  Direct  Ammonia 
Expansion  Pipes.     (Sterne.) 


gravitates  back  to  a  liquid  receiver.  The  drawing  is  very  complete, 
all  the  connections  being  shown,  and  particular  attention  is  again 
drawn  to  the  separator  placed  between  the  compressor  and  condenser 
for  catching  oil  passed  over  with  the  ammonia  vapour.  The  capacity 
of  the  machine  (that  is,  with  one  compressor  working)  is  4,400 
gallons  of  water  per  hour  cooled  from  60°  to  50°  F.  or  half  that 
quantity  cooled  from  70°  to  50°  F. 

Fig.  21  shows  a  general  arrangement  of  a  cold  storage  cooled  by 
what  is  known  as  the  "  direct  expansion  "  method.     The  evaporator 


II 


Nov.  1912.      VAPOUR-COMPRESSION   REFRIGERATING   MACHINES.  985 

in  this  case  consists  of  grids  of  pipes  placed  directly  in  the  chambers 
to  be  cooled,  the  air  supplying  the  heat  (taken  from  the  goods  stored) 
necessary  for  vaj^orization.  The  compressor  (shown  in  detail  in 
Fig.  7,  page  966)  draws  the  ammonia  vapour  back  from  these  grids 
and  discharges  it  into  an  atmospheric  condenser  placed  on  the  roof. 
The  liqviid  ammonia  gravitates  into  tanks  placed  in  the  engine- 
room,  and  by  means  of  suitable  tee-pieces  and  a  number  of 
regulating  valves  the  liquid  is  distributed  to  the  direct-expansion 
pipes  in  the  separate  rooms  for  re-evaporation.  The  whole  forms  a 
most  efficient  and  economical  system. 

Figs.  22  and  23  (pages  986-7)  show  a  general  arrangement 
of  the  machinery  for  an  ammonia  plant  on  shipboard.  The 
compressors  are  directly  driven  from  a  steam-engine,  the  whole 
standing  on  a  box  bed-plate  inside  of  which  are  placed  the  grids 
of  pipes  forming  the  condenser  (see  photo,  Plate  44).  Two 
distinct  types  of  evaporator  are  provided  in  this  installation : 
(1)  Circular  coils  placed  in  vertical  shells  for  cooling  the 
brine  which  is  circulated  through  grids  of  pipes  placed  in  those 
holds  where  chilled  meat  or  produce  is  carried ;  these  evaporators 
are  termed  "  brine  coolers "  in  the  drawing.  (2)  Longitudinal 
grids  of  ammonia  pipes  in  which  the  liquid  vaporizes  by  the  heat 
brought  to  the  grids  by  the  air  which  is  circulated  around  them  by 
a  fan — the  air  being  drawn  up  from  those  holds  when  frozen  meat 
or  produce  is  carried  and  after  being  cooled  is  sent  down  once 
more,  suitable  air-suction  and  delivery  ducts  being  fitted.  These 
evaporators  are  termed  "  air-cooling  batteries "  in  the  drawing. 
The  evaporators  are  placed  in  insulated  spaces  and  even  the  cold 
ends  of  the  brine  pumps  are  also  encased. 

It  should  be  noted  that  while  the  air-blast  system  has  much 
to  I'ecommend  it,  it  is  impossible  by  its  means  to  regulate  the 
temperatures  carried  by  this  system  to  the  very  fine  point  (one 
or  two  degrees  variation  only)  of  regulation  required  for  chilled 
produce.     Hence  the  two  systems  shown  in  the  Figure. 

Fig.  24  (page  988)  is  a  general  arrangement  of  a  COo  plant. 
The  compressors  are  horizontal  and  directly  driven  (as  in  the 
previous   example)   by   steam-engines.      The  great   value   of   this 
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Figure  lies  in  the  fact  that  it  shows  all  the  arrangements  that 
have  to  be  made  to  allow  the  withdrawal,  inspection,  and  cleaning 
of  all  the  coils  in  the  machine.  These  are  all  so  clearly  shown  as  to 
require  no  further  explanation. 

Fig.  25  (page  989)  shows  the  arrangement  of  an  engine-room 
in   Cold   Stores  at  Wigan.      An   ammonia  compressor   11    inches 


Fig.  22. — Arrangement  of  Eefrigerating  Machinery  on  Shipboard. 
(Haslam.) 


StCTION   AT   CD. 
LOOKING   AFT. 


diameter  by  20  inches  stroke  is  arranged  to  do  aU  the  work 
required  at  60  revolutions  per  minute,  namely,  make  12  tons  of 
clear  hard  ice  per  day  and  keep  the  Cold  Stores  at  the  required 
temperature.  A  smaller  compressor  is  fitted  as  a  stand-by,  the 
connections  {see  Fig.  25)  being  so  arranged  that  in  case  of  a 
breakdown  the  ice-making  is  stopped  and  the  Stores  kept  in 
condition.  Further,  the  small  compressor  may  be  used  for  winter 
work  on  the  Stores  supposing  the  ice  stock  is  sufficient  to  meet  the 
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small  demand.  Both  compressors  are  separately  driven  by  specially 
designed  electric  motors  taking  current  from  the  Corporation  mains  ; 
the  larger  motor  is  rated  for  90  amperes  at  460  volts  and  300 
revolutions  per  minute,  the  normal  load  being  70  to  75  amperes. 

Pig.  23. — Arrangement  of  Refrigerating  Machinery  on  Shipboard. 
(Plan  of  Fig.  22.)     (Haslam.) 


A  by-pass  connection  on  each  of  the  compressors  enables  an  easy 
start  to  be  made  by  relieving  the  compression  at  the  end  of  each  stroke 
for  the  first  minute  or  so,  thus  allowing  the  whole  machine  to  get 
"  under  weigh  "  before  the  suction  valves  ai'e  opened,  thus  dispensing 
with  the  use  of  loose  pulleys. 
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This  method  of  starting  was  fii'st  adopted,  as  far  as  the  author 
is  aware,  at  Messrs.  Ruddin's  Central  Cold  Stores,  Liverpool,  in 
1897,  where  gas-engines  are  used,  and  both  at  Wigan  and 
Liverpool  the  result  has  been  most  satisfactory  and  is  now 
commonly  adopted. 

Fig.  25  also   shows   an    evaporator  of   the    circular   type  with 


Fig.  24. — Marine  Arrangement  of  CO„'Befrigerating  Machinery.    (Haslam.) 


concentric  coils.  A  central  agitator,  formed  by  two  radial  vanes 
or  paddles  secured  to  a  vertical  shaft  and  extending  practically  the 
whole  depth  of  the  evaporator  and  driven  from  the  counter-shaft 
by  a  belt  and  bevel  gearing,  is  fitted,  to  keep  up  a  good  "  scrubbing  " 
action  between  the  brine  and  the  walls  of  the  ammonia  coils ;  the 
importance  of  such  action,  where  the  difference  of  temperature 
between  the  refrigerant  and  the  brine  is  small  (seldom  exceeding 
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Fig.  25.— Arrangement  of  NII^  Refrigerating  Machinery  to  make 
10  tons  of  Ice  per  Day  at  Wigan. 
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20°  F.),  has  already  been  pointed  out.  This  evaporator  cools  the 
brine  used  for  making  ice  on  the  cell  system.  The  ammonia 
suction-pipe  from  this  evaporator  leads  back  to  one  end  of  the  main 
compressor. 

The  Stores  are  cooled  by  blowing  air  over  a  stack  of  brine- 
cooled  pipes  which  are  placed  directly  over  a  rectangular  shaped 
tank  containing  brine,  in  which  the  ammonia  coils  forming  the 
evaporator  are  placed.  The  air  is  circulated  by  means  of  a  fan 
electrically  driven;  specially  constructed  ducts  deHver,  distribute, 
and  return  the  air  to  the  cooler.  The  ammonia  suction  from  the 
Cold  Stores  evapoi-ator  (which  is  placed  onl  the  &st  floor)  is  taken 
back  to  the  other  end  of  the  main  compressor,  a  connection  also 
being  made  to  both  ends  of  the  stand-by  compressor.  The  whole 
arrangement  of  ammonia  connections  should  be  carefully  noted,  as 
it  affords  a  typical  example  of  good  practice. 

The  condenser  is  of  the  atmospheric  type  where  the  ammonia 
enters  the  top  of  the  vertical  grid-like  coils,  a  very  large  tank  and 
centrifugal  pump  {see  Fig.  25)  ensuring  a  good  and  constant 
circulation  of  water  over  the  pipes.  The  tank  is  placed  over 
out-houses  in  a  position  exposed  to  the  sun ;  the  coils  are  in 
consequence  shielded  from  the  direct  rays  by  louvre  boards.  The 
connections  from  the  compressors  to  the  condenser  and  the  liquid 
return  to  the  two  regulating  valves — one  for  each  of  the  evaporators 
— are  clearly  shown  in  the  Figure.  The  contractors  for  the 
refi'igerating  plant  were  The  Liverpool  Refrigeration  Co.,  and  for 
the  electrical  power  and  light  installation  Messrs.  Drake  and  Gorman, 
Manchester  and  London. 

Fig.  26  is  a  sectional  profile  of  one  of  Messrs.  H.  and  W. 
Kelson's  latest  meat-carrying  steamers  (S.S.  "  Highland  Laddie," 
and  similar  boats).  The  main  machinery  and  boilers  are  amidships, 
dividing  the  insulated  (insulation  indicated  by  thick  lines)  and 
refrigerated  cargo  space  of  about  350,000  cubic  feet  into  two 
sections — one  forward  and  the  other  aft.  The  refrigerating 
engine-room  is  aft,  and  opens  out  of  the  main  engine-room.  The 
holds  are  cooled  by  means  of  2-inch  diameter  galvanized-iron 
brine-pipes  fitted  in   each   hold  and  between  decks — the  quantity 
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and  temperature  of  the  brine  for  each  circuit  being  regulated  from 
a  distributing  house.  In  this  installation  there  are  two  such 
houses — one  forward  and  the  other  aft.  These  houses  are  supplied 
with  two  distinct  feeds  of  brine — one  being  at  about  5°  F., 
technically  known  as   zero   or    freezing   brine,  the  other  at  about 


Pig.  28. — Arrangement  of  Eefngerating  Engine  Booms.    (Nelson  Liners.) 


CRANK    SHAFT 


35°  to  38°  F.,  known  as  chilling  or  attemperated  brine.  There  is 
stiU  a  third  circuit  known  as  "  thawing-off "  brine,  which  is  used 
after  aU  the  refrigerated  cargo  has  been  taken  out,  the  purposes 
being,  first,  to  thaw  ofi'  all  the  ice  and  snow  collected  on  the  brine- 
pipes  in  the  refrigerated  spaces,  and,  secondly,  to  dry  out 
thoroughly  the  holds  ready  for  the  outward  cargo. 
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Fig.  28  is  a  plan  of  the  arrangement  of  the  refrigerating- 
machine  room.  Three  horizontal  double-acting  ammonia  compressors 
are  fitted,  a  section  of  one  of  which  is  given  in  Fig.  9  (page  968), 
each  compressor  being  driven  direct  off  the  tail-rods  of  a  triple- 
expansion  engine ;  the  actual  arrangement  is  shown  and  has  been 
described  under  Fig.  10  (page  970).  The  compressors  discharge  into 
three  condensers,  all  the  connections  of  which  are  so  ai-ranged  that 
each  condenser  can  be  worked,  if  necessaiy,  quite  independently  of  the 
other  two  and  with  any  one  compressor.  Sea- water  circulated  from 
a  pump  in  the  main  engine-room  is  used  for  condensing  purposes. 
The  resultant  liquid  ammonia  is  taken  to  a  liquid  receiver,  placed 
in  the  insulated  chamber  (a  practice  theoretically  and  practically 
sound)  containing  the  three  evaporators.  These  are  exact  duplicates 
of  the  condensers,  and  consist  of  rectangular  shaped  mild-steel 
tanks,  each  containing  six  separate  circuits  of  lap- welded  wrought- 
iron  coils,  connected  top  and  bottom  by  headers  or  tees. 

Four  brine-pumps  (the  cold  parts  of  which  are  inside  the 
insulated  chamber)  are  used  to  circulate  the  brine,  two  in  general 
being  used  for  freezing  and  two  for  chilling  or  attemperating  brine. 
A  warm  brine-pump  (thawing-pump),  a  brine  attemperator  and  a 
steam-heated  warm  brine-tank  (brine-heater)  are  also  shown  in  the 
Figure.  The  scheme  of  brine  circulation  is  explained  under  Fig.  27 
(page  991)  and  Figs.  29  to  32  (pages  994-5). 

A  small  and  compact  machine  is  fitted  for  the  provision-room 
serving  the  passengers  and  crew  on  the  outward  voyage.  This 
machine  consists  of  an  ammonia  compressor  driven  direct  by  a 
single  steam-cyKnder,  both  of  which  are  mounted  on  a  box  bed,  one 
half  of  which  contains  the  ammonia  condenser  and  the  other  half 
the  evaporator  or  brine-cooler,  the  brine  connections  being  such 
that  the  provision-room  on  the  homeward  voyage  can  be  cooled  by 
the  larger  or  cargo  machine. 

Fig.  29  shows  diagrammaticaUy  the  general  principle  of  the 
brine  distribution.  It  must  be  again  pointed  out  that  chilled  meat 
or  produce  must  be  carried  at  a  very  steady  temperature ;  and 
to  attain  this  object  the  makers  in  the  present  case  (1)  circulate 
a  large  quantity  of  brine  just  below  the  desired  temperature  of  the 
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Fig.  29. — Diagram  Arrangement  of  Atteniperated  Brine  System. 
(The  L.  E.  Co.) 
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Fig.  30. — Main  Brine  Attemper ator. 
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Fig.  31. — Diagram  Arrangement  of  Attemj)crated  Brine 

System.     (The  L.  R.  Co.) 
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air  in  the  chamber,  rather  than  circulate  a  small  quantity  of  brine 
at  a  much  lower  temperature,  (2)  to  enable  chilled  and  frozen 
produce  to  be  carried  economically  by  one  machine  without  change  of 
system  or  carrying  evaporators  working  with  different  temperatures, 
and  therefore  with  varying  suction  pressures. 

In  Fig.  29  the  zero  or  freezing  brine-pump  draws  directly  from 
the  evaporator  and  discharges  brine  at  about  5°  F.  to  a  main  which 
is  connected  with  a  series  of  "  distributing  feed-headers."  Each  of 
these  headers  supplies  a  number  of  "brine  leads,"  or  separate 
circuits  leading  to  one  hold.  A  second  feed  of  attemperated  brine, 
at  about  35°  to  38°  F.,  is  also  taken  to  the  headers,  and  a  cock 
(auxiliary  attemperator  cock)  is  cross  connected  between  the  two 
feeds,  and  is  so  designed  as  to  make  it  possible  to  circulate  (1)  all 
freezing  brine  through  the  leads ;  (2)  all  attemperated  brine ; 
(3)  brine  at  any  tempei-ature  between  5°  and  38°  F.  (say).  A 
corresponding  cock  on  the  return  directs  the  brine  into  the  main 
return  most  suited  to  its  temperature. 

The  greater  portion  of  the  chilling  brine  flows  back  to  the 
attemperator,  where  it  is  mixed  with  a  little  of  the  freezing  brine, 
and  then  once  more  sent  back  to  the  holds  as  "chilling  brine." 
The  attemperator  (Webb's  or  other  designs)  is  a  simple  but 
effective  device  for  mixing  the  highest  returning  brine  (say  39°  or 
40°  F.)  with  the  lowest  temperature  brine  (say  5°  F.)  in  order  to 
get  a  resultant  brine  of  the  right  temperature  (say  35°  F.).  A 
simple  slide.  Fig.  30,  operates  over  two  openings,  one  being  the 
zero  brine  supply  and  the  other  the  return  attemperated  brine,  the 
combined  areas  of  the  openings  always  being  a  constant ;  if  one  is 
completely  shut  off  the  other  must  be  full  open.  A  hand-wheel 
and  thermometer  allow  a  perfect  adjustment  to  be  made. 

The  design  of  the  auxiliary  attemperator  cock  can  be  followed 
from  the  enlarged  section  in  Fig.  32  ;  the  thermometer  fitted  allows 
each  header  to  be  supplied  with  brine  at  a  pre-arranged  temperature. 
An  ordinary  cock  or  valve  is  fitted  to  each  lead  or  circuit,  so  that 
(1)  any  circuit  can  be  cut  out  completely,  if  necessary;  (2)  a 
thermometer  being  fitted  on  each  return  circuit,  the  separate  return 
cock  enables  the  brine  to  be  so  regulated  that  the  quantity  best 
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suited  for  the  work  to  be  done  by  that  circuit  can  be  accurately 
adjusted. 

The  thawing  bi'ine  arrangements  are  simple  and  are  easily 
followed  in  the  diagram.  It  can  readily  be  understood,  however, 
that  instead  of  having  a  separate  lead,  as  shown,  one  of  the  other 
mains  can  be  used,  inasmuch  as  no  other  temperature  brine  will  be 
in  circuit  when  the  thawing-off  brine  is  being  used.  A  further 
possible  arrangement  of  the  auxiliary  attemperator  cocks  is  shown 
in  the  right-hand  portion  of  Fig.  31,  where  the  cock  is  placed 
between  the  two  headers,  and  the  brine  lead  or  circuit  is  taken 
directly  from  the  bottom. 

The  diagrammatical  arrangements  shown  in  Figs.  29  and  31 
will  enable  the  double  set  (forward  and  aft)  of  duplicated  feeds 
followed  on  the  Nelson  boats  to  be  easily  understood.  The  two 
brine-distributing  houses  shown  on  Fig.  26  (page  991)  are  each 
supplied  with  freezing  and  chilling  brine-feeds,  as  shown  on  Fig.  27, 
the  main  attemperator  being  fixed  in  the  machine  space.  Auxiliary 
attemperator  cocks  are  placed  in  the  distr-ibuting  houses  and  cross- 
connected  to  the  two  feeds  in  exactly  the  same  way  as  shown  in  Fig.  29 
(page  994).  A  header  is  attached  to  the  bottom  or  outlet  from  which 
the  separate  circuits  are  fed  into  the  holds.  Corresponding  return 
connections  are  made  in  the  same  distributing  house,  the  main 
returns  taking  back  the  brine  to  the  machinery  space.  The 
arrangement,  which  has  given  great  satisfaction,  was  fitted  by 
Messrs.  The  Liverpool  Refrigeration  Co.  to  the  specifications  of 
Mr.  A.  R.  T.  Woods,  Member,  the  Superintendent  Engineer  for 
Messrs.  Nelson. 

The  Mating  of  Itefrigerating  Machines. — The  generally  accepted 
units  for  the  commercial  rating  of  refrigerating  machines  are — 

(1)  The  ice-melting  capacity  ; 

(2)  The  ice-making  capacity, 

both  expressed  in  tons  of  2,240  lb.  per  day  of  twenty-four  hours. 

Ice-melting  Capacity. — A  machine  rated  as  "  1  ton  ice-melting 
capacity "  would  mean  that  under  assumed  or  named  conditions  as 
to  range  of  temperature  the  machine  would  remove  the  number  of 
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thermal  heat-units  equivalent  to  that  required  to  melt  1  ton  of  ice 
at  32°  F.  into  water  at  32°  F. 

The  exact  value  of  this  unit  has  not  been  agreed  upon  by 
refrigerating  engineers,  the  latent  heat  of  water  (fusion  of  ice) 
being  variously  taken  as  142,  143,  143-7  and  144  B.Th.XJ.  per  lb., 
the  possible  values  for  the  unit  varying  between  318,080  and 
322,260  B.Th.U.,  according  to  the  value  selected  for  the  latent  heat 
of  water.  It  is  obvious,  however,  that  in  selecting  any  figure  within 
the  range  given  no  actual  unit  for  the  1-ton  ice-melting  capacity,  or 
ton  of  refrigeration  as  it  is  more  usually  called,  can  be  accepted 
which  does  not  fix  the  temperatures  between  which  the  machine  is 
supposed  to  work.  Thus,  a  machine  may  be  rated  as  x  tons  of 
refrigeration  when  cooling  water  or  milk  and  of  y  tons  when 
making  ice,  x  being  greater  than  y,  because  the  range  of  temperature 
in  the  machine  will  be  less  in  the  former  case,  and  consequently  the 

coefficient  of  performance,  that  is,  — - — ,  will  be  greater. 

In  the  United  States,  288,000  B.Th.U.  per  day  per  ton  of 
refrigeration  is  the  recognized  figure,  being  made  up  of  144  B.Th.U. 
per  lb.  of  ice  melted  and  a  ton  of  2,000  lb.  This  gives  12,000 
B.Th.U.  per  ton  per  hour  and  200  B.Th.U.  per  ton  per  minute, 
the  temperatures  selected  through  which  the  machine  is  supposed 
to  work  being  90°  F.  in  the  condenser  and  0°  F.  in  the  evaporator, 
and  these  would  seem  suitable  temperatures  for  the  States.  No 
definite  value  has  yet  been  accepted  as  a  British  standard,  and  it  is 
suggested  that  322,000  B.Th.U.  per  ton  might  be  accepted,  being 
the  nearest  round  figure  obtained  by  the  product  of  143*7  and 
2,240,  while  a  reasonable  range  of  temperature  for  this  country 
would  be  from  70°  F.  in  the  condenser  to  0°  F.  in  the  evaporator. 

Ice-making  Capacity. — The  ice-making  capacity  is  a  measure  of 
the  actual  weight  of  ice  made  by  a  machine  (designed  for  ice- 
making)  in  tons  per  twenty-four  hours.  It  generally  assumes  the 
normal  conditions  of  a  British  summer,  the  assumed  ranges  of 
temperature,  as  may  be  reasonably  expected,  varying  with  difierent 
makers. 
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Manufactured  ice  may  be  broadly  divided  into  two  kinds,  clear 
and  opaque,  and  these  require  varying  refrigerating  effects,  but  the 
difference  is  small  compared  with  the  large  allowances  necessary 
for  the  influx  of  external  heat  at   the  ice-tanks,  evaporator,  and 
through  the  pipe  connections  and  the  losses  due  to  "  thawing  off," 
being  as  much  as  70  per  cent,  for  small  machines  (say  up  to  5  tons 
ice-making  per  day),  and  25  per  cent,  for  machines  making  100  tons 
per  day.     Taking  a  typical  example :  supposing  1  ton  of  water  at 
63°  F.  is  to  be  made  into  ice  at  22°  F.,  then  approximately — 
2,240  lb.  water  at  63°  F,  to  water  at  32°  F.     =     69,440  B.Th.U. 
2,240  lb.  water  at  32°  F.  to  ice  at  32°  F.     .      =321,888 
2,240  lb.  ice  at  32°  F.  to  ice  at  22°  F.  .      =     11,200 

Total         .         .  402,528 


This  figure,  together  with  the  allowances  mentioned,  would  become 
700,000  B.Th.U.  per  ton  of  ice  made  for  a  machine  of  5  tons  ice- 
making  capacity  per  day  to  510,000  B.Th.U.  per  ton  for  a  machine 
making  100  tons  per  day. 

For  a  machine  not  designed  for  ice  making,  the  unit  of  ice- 
making  capacity  would  appear  of  little  value,  and  the  ice-melting 
unit  should  be  used.  Approximately  the  ice-making  capacity  is 
half  the  ice-melting  capacity.  As  a  fair  practical  rule,  the  author 
has  found  that 

y  =  0-&X  -  2, 
where  x  =  ice-melting  capacity  in  tons  per  day ; 

y  =  ice-making  capacity  in  tons  per  day. 

Conclusions. — British  refrigerating  machinery  by  the  leading 
makers  is  quite  in  keeping  with  the  best  traditions  of  the  British 
engineer,  but  it  would  be  idle  to  contend  that  the  machines  and 
their  method  of  working  are  not  capable  of  improvement.  Vapour- 
compression  machines  have  the  merit  of  a  wonderful  simplicity  and 
practically  a  standardization  of  design. 

The  two  outstanding  wants  in  refrigeration  are : — 
(1)  A  standard  unit  of  refrigeration — say  a  "  ton  of  refrigeration  " 
of  fixed  value  in  B.Th.U.,  and    taken  between  standard  limits  of 
temperature. 

3  z 


1000  VAPOUK-COMPRESSION   REFRIGERATING   MACHINES.     Nov.  1912. 

(2)  A  standard  refrigerating  machine  of  compai'ison. 

Both  these  wants  could  be  satisfied  by  a  committee  of  this 
Institution  in  conference  with  the  leading  makers. 

Careful  research  is  also  required  to  determine : — 

(a)  The  relative  efficiencies  of  the  principal  refrigerants  at 
varying  temperatures. 

(6)  The  advantages  and  disadvantages  of  both  wet  and  dry 
compression. 

(c)  The  value  of  compound  compression. 

{(l)  The  effect  of  varying  the  amount  of  refrigerant  used  in  a 
given  machine  (undercharged  and  overcharged  machines). 

(e)  The  value  of  cooling  the  liquid  refrigerant  in  (or  by)  the 
evaporator  before  expansion. 

(/)  Deterioration  and  fatigue  of  the  refrigerant  due  to  constant 
re-use.  The  presence  of  foreign  vapours  (such  as  water  or  oil)  in 
the  closed  circuit.     Yalue  of  by-pass  driers  or  scrubbers. 

The  author's  thanks  are  due  to  Messrs.  L.  Sterne  and  Co.,  Crown 
Iron  Works,  Glasgow ;  The  Liverpool  Refrigeration  Co.,  Water 
Street,  Liverpool ;  The  Haslam  Foundry  and  Engineering  Co., 
Derby ;  and  Messrs.  Wm.  Douglas  and  Sons,  Putney,  London,  S.W., 
for  supplying  those  drawings  which,  in  the  opinion  of  the  author, 
best  suited  the  scheme  of  the  Paper,  each  drawing  sent  being  by 
the  firm  at  the  author's  special  request.  The  above  firms  have  also 
supplied  photos  which  have  greatly  added  to  the  value  of  the 
illustrations. 

The  Paper  is  illustrated  by  Plates  42  to  45  and  32  Figs,  in 
the  letterpress,  and  is  accompanied  by  6  Appendixes  illustrated  by 
5  Figs. 

[TAe  Discussion  on  this  Paper  was  comhined  icith  that  on  the  Paper 
hy  Dr.  J.  H.  Grindley,  and  commences  on  page  1054.] 
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APPENDIX  I. 

Notation. 

British  Standard  Units. 

H 

= 

quantity  of  heat,  B.Tb.U.  per  lb. 

W 

= 

work,  foot-pounds. 

J 

= 

Joule's  equivalent. 

A 

= 

reciprocal  of  J. 

T 

= 

absolute  temperature  °F. 

t 

= 

temperature  °F. 

s 

= 

sensible  heat,  B.Tb.U.  per  lb. 

L 

= 

latent    heat    (Lj    internal,    Lg    extei 
per  lb. 

V 

= 

pressure  in  pounds  (absolute). 

V 

= 

specific  volume  of  vapour,  cubic  feet, 

s 

= 

specific  volume  of  liquid,  cubic  feet. 

c 

= 

specific  heat  of  liquid. 

^p 

= 

specific  heat,  constant  pressure. 

K, 

= 

specific  heat,  constant  volume. 

E 

= 

intrinsic  energy. 

X 

= 

dryness  fraction. 

i 

= 

enthalpy. 

^ 

= 

entropy. 

V 

= 

coefficient  of  performance. 

external),    B.Tb.U. 


3  z  2 
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APPENDIX  II. 

Properties  of  Vapours  and  Kefrigerants. 

For  a  dry  saturated  vapour  the  heat,  H,  necessary  to  change  its 
state  from  a  liquid  at  32°  F.  into  dry  saturated  vapour  at  the 
temperature  corresponding  to  its  pressure  is 

H  =  S  +  L; 
also  B.  =  A{^+p{v  -s)],         .  .     (a) 

where  p  (v  —  s)  is  the  external  work,  all  the  units  being  measured 
at  or  from  32°  F. ; 
further  L  =  Li  +  L^, 

and  Le  =  Ap  {v  —  s) 

from  (a)  E  =  J  H  -  p  (y  -  s),   .  .  .     (b) 

also  E  =  J  (S  +  L,) 

=  J  (H  -  Le). 

For  wet  vapours  or  mixtures  of  liquid  and  vapours,  if  x  is  the 
diynesB  fraction  per  unit  of  total  weight. 
Hi  =  Si  +a;Li, 

Hi  =  A  {El +  xp  («;-«)},     .  .     (c) 

Hi  being  the  heat  required  to  form  wet  vapour    from  liquid  at 
32°  F.,  Si  and  Li  being  measured  at  the  saturation  temperature. 

For  superheated  vapours  the  additional  heat  necessary  to  raise 
the  temperature  from  Ti  (saturation  temperature)  to  T3  is 

Hence  the  total  heat  H3  for  a  superheated  vapour  is  given  by 
H3  =  Si  +  Li  +  Kp  (T3  -  Ti), 


where  Si  =  c  clr, 

JiQi-a 

c  being  the  specific  heat  of  the  liquid. 

If   K^  is   not  constant,  but  has  a  value  that  can  be  given  in 

terms  of  Tj,  let  K^  =  /  (t),  then 


H3=   P      cdr  +  Li+   P   fir). 
Jm-6  Jr^     t^ 


(d) 
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EntJialpy. — If  we  consider  a  unit  weight  of  a  substance  in  any 

condition  and  write 

i  =  A(E+pv),      .  .  .(e) 

the  function  i  is  called  the  enthalpy  of  the  substance,  and  is  a 
function  of  particular  value  in  refrigeration. 

Equations  (a)  and  (e)  differ  only  by  the  small  quantity  Aps, 
which  can  be  neglected  in  practical  refrigeration ;  and  in  this  case 
the  enthalpy  can  be  taken  as  a  measure  of  the  total  heat  required 
to  form  saturated  or  superheated  vapour  at  constant  pressure. 

Hence  we  may  write 

H  =  A{E+pv), 
dU  =  A{d'E  -{-pdv) 
or  J  dK  =  dE  +  pdv; 

but  d(^pv)  =  pdv  -\-  V dp  ; 

hence  JdH  =  d'E  -\-  d  (p  v)  —  v dp 

=  J  di  —  V  dp.         .  .  •      (0 

If  the  pressure  is  constant  during  any  operation, 
dp  =  0 
and  <iH  =  di; 

hence  j'a  —  «*i  =  Hg  —  Hj,    .  .  .  •     (g) 

a  result  which  renders  ar  —  ior(f>  —  i  diagram  particularly  useful. 

If   adiabatic  compression   is   assumed   in   the   compressor,  the 

change  of  i  during  the  adiabatic  compression  alone  is  equal  to  the 

work  done  during  the  complete  cycle  of  operations  in  the  compressor. 

rPi 
For  W  =  V  dp, 


and  from  equation  (f)    J  dJI  =  J  di  —  v  dp,   since  for  adiabatic 

operations  cZ  H  =  0, 

J  di  =  V  dp, 

or  J  («i  —  i^)  =  vdp ; 

JPz 

hence  W  =  J  {i^  —  i^),      .  .  .     (h) 

that  is,  the  change  of  i  measured  in  work  units  will  give  the  work 
done  in  the  compressor  per  unit  weight  of  fluid  per  cycle,  on  the 
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assumption  that  the  compression  is  adiabatic — an  assumption  that 
does  not  lead  to  serious  error  in  practical  work. 

Enthalpy  and  the  Free  Expansion  Operation. — Consider  a  unit 
weight  of  refrigerant  on  the  condenser  side  of  the  regulating  valve, 
under  condition  pi,  v-^,  t^,  Ej,  no  heat  is  received  from  or  given  to 
outside  sources  and  no  external  work  is  done. 

In  passing  the  valve,  the  work  done  on  the  liquid  is 

^'i  {Pi  -  ih) ; 

assuming  v^  constant  for  liquid, 

work  done  by  vapour  =  p2  (^3  —  Vj)  ; 

therefore,  total  work  done 

=  Ih  {^2  -^i)-^h  {Pi  -  P2) 

=  Ih  ^2  -  Ih  ^i- 
This  work  is  done  at  the  expense  of  the  internal  energy  of  the 
fluid. 
Therefore  E.,  =  E^  —  {p.^  v^  —  Pi  Vj), 

El  +  2h «!  =  E2  +  P2  ^2 ; 

that  is,  «\  =  i^. 

The   enthalpy  of   the   fluid  is,  therefore,  unchanged   by  the   free 
expansion  operation. 

Dry  Saturated  Vapours. — Experimental  results  relating  to  dry 
saturated  vapours  lead  to  the  following  conclusions : — 

(1)  The  temperature  t  at  which  a  liquid  vaporizes  depends 
solely  on  the  pressure  p  to  which  the  liquid  is  subjected. 

(2)  The  specific  volume  v  of  the  dry  vapour  depends  on  the 
temperature  r  of  vaporization. 

(3)  The  sensible  heat  s  and  latent  heat  L  each  depend  on  the 
temperature  t  at  which  the  liquid  vaporizes. 

In  general,  for  any  dry  saturated  vapour,  if  values  for  t,  s, 
and  either  «  or  L  are  determined  experimentally,  the  remaining 
quantities  H,  L  or  v,  <ji  and  i  can  be  calculated. 
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Befrigerants. — For  the  fluids  in  general  use  in  refrigeration, 
namely,  anhydrous  ammonia  (NHg),  carbonic  anhydride  (CO2), 
sulphurous  anhydride  or  sulphur  di-oxide  (SO2),  it  cannot  be  said 
that  the  figures  available  are  beyond  dispute,  while  complete  t  —  ^, 
T  —  i  and  <f>  —  i  diagrams  or  charts  would  be  of  the  utmost  value. 

Anhydrous  Ammonia  (NH^).— For  the  dry  vapour  state  the 
connection  between  the  pressure  and  temperature  has  been 
determined  by  Regnault ;  recent  researches,  while  difi'ering  somewhat, 
tend  on  the  whole  to  confirm  his  figures.  For  temperatures  below 
32°  F.,  the  values  of  L  and  v  have  been  computed  only.  For 
temperatures  higher  than  32°  F.  the  experiments  of  Dieterici  have 
furnished  values  of  the  specific  volume  v  and  s  of  the  dry  vapour 
and  liquid  respectively,  enabling  L  to  be  calculated  and  giving  for 
the  specific  heat  of  the  liquid 

c  =  1-118  + 0-001156  (i-  32), 
and  s  can  be  obtained  from 

r 

s  =       cdt. 
Jo 

From   c  and    L   the   values   of   <^   of   the  vapour   at  different 

pressures  can  be  determined. 

If  Ti  is  the  temperature  at  which  the  liquid  vaporizes,  then  the 
entropy  of  the  liquid  at  t^  is  given  by  the  equation  (h),  writing 
T  =  Tj,  the  resulting  entropy  being  denoted  by  e^tu,  being  the 
total  entropy  in  the  liquid  state. 

To  change  the  liquid  at  constant  temperature  t  from  liquid  into 
dry  saturated  vapour,  the  change  of  <^  is  given  by 
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since  t  =  t^;  and  Id  H  is  equal  to  the  whole  heat  taken  in  during 
evaporation,  that  is,  latent  heat  L,  so  that 


^  = 


L. 


this  (f)  being  denoted  in  the  Tables  by  (jig.     Hence  for  a  dry  saturated 
vapour  its  entropy  is  given  by  the  sum  of  cjjw  and  </>«. 

Properties  of  NH^. 

Criticaltemperature  .         .         .     266-0°  F. 


Critical  pressure 
Specific  volume  of  liquid 
Specific  heat  of  liquid 

£.v  .... 
7     .         .         .         . 


1624-0  lb.  per  sq.  inch. 

0-0256  cubic  foot  (mean) 

1-02. 

0-508. 

0-393. 

1-29. 


Carbonic  Anhydride  (CO.^). — The  properties  of  this  vapour  have 
been  difficult  to  determine  for  the  complete  range  of  temperatures 
found  in  refrigeration,  for,  at  the  higher  temperatures  of  this  range 
the  vapour  is  near  its  critical  temperature,  and  throughout  the 
entire  range  the  pressures  are  relatively  very  great. 

For  temperatures  above  32°  F.,  Amagat  (following  others) 
experimentally  determined  the  density  of  the  dry  saturated  vapour 
and  of  the  liquid,  his  results  leading  to  the  values  of  v  and  s  given 
in  the  Table.  Amagat  also  found  experimentally  the  connection 
between  the  pressure  p  and  the  temperature  t  in  the  saturated 
vapour,  and  with  the  previous  values  of  v  and  s  the  values  of  L 
and  <fis  have  been  calculated,  leading  to  values  of  p,  t,  L  and  <^s 
given  in  the  Table. 

The  values  of  the  specific  heat  c  of  the  liquid  have  not  been 
experimentally  determined,  but  MoUier  has  computed  what  may  be 
regarded  as  reliable  values  for  c,  s  and  ^w. 


Properties  of 

CO, 

Critical  temperature 

88-43°  F. 

Critical  pressure   . 

1,071  lb.  per  sq. 

inch. 

Specific  heat  of  liquid 

0-98  (mean). 

Kp        .         .         . 

0-217. 

Ki) 

0-171. 

7           .          .          . 
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Sulphurous  Anhydride  (SO^). — Regnault  established  the  relationship 
between  the  temperature  and  pressure,  and  furnished  the  data  for 
p  and  t  given  in  the  Table.  The  values  of  v  and  s  have  been  given 
by  the  experiments  of  CaiUetet  and  Mathias,  and  those  of  c  by 
Mathias.  The  value  of  c  enables  s  to  be  calculated,  while  the  values 
of  V  and  s  enable  L  to  be  determined. 

Knowing  S  and  L,  H,  (pw  and  «^s  can  be  found,  and  in  this  way 
the  figures  given  in  the  following  Table  have  been  obtained. 


Properties  of  SOo,. 

Critical  temperature 

.     312-8°  F. 

Critical  pressure 

.     1,159-6  lb.  per  sq.  inch. 

Specific  volume  of  liquid  . 

.     0-0112  cubic  foot  (mean 

Specific  heat  of  liquid 

.     0-40  (mean). 

Ki) 

.     0-154. 

Kv 

.     0-123. 

7 

.      1-25. 

APPENDIX  III. 

General  Theory  of  Compression  Machines. 

The  function  of  a  refrigerating  machine  being  to  pump  out  or 
remove  heat,  the  merit  or  "  coefficient  of  performance  "  of  such  a 
machine  is  given  by  the  ratio  of  the  heat  equivalent  of  work 
expended  to  the  heat  removed,  or 

^7  =  AW (^) 

The  ideal  refrigerating  machine  or  heat  pump  is  a  reversed 
heat  engine  working  in  the  Carnot  cycle.  The  "coefficient  of 
performance  "  therefore  being 

Tj   —  Tj 

on  a  T  —  ^  diagram  (Fig.  33) 

_  AreaDGMN 
^  ~  Area  A  B  C  D 
_  ND 
~  DA 


(1) 
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Work  Done  in  the  Compressor. — The  cycle  of  a  vapour-compression 
machine  is  the  reverse  of .  that  occurring  in  an  ordinary  steam- 
engine,  and  the  diagram  traced  is  that  of  the  Rankine  cycle 
reversed. 


Fig.  33. 


T; 


Fia.  34. 


B 

/    • 

\e 

Ai                         F 

D 

Taking  first  the  Rankine  cycle,  let  A,  Fig.   34,  represent  the 
T  —  <f)  conditions  of  a  unit  mass  of  the  liquid.     AUow  it  to  change 
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its  state  at  constant  pressure  from  liquid  at  T2  to  dry  saturated 
vapour  at  t^. 

"Work  is  now  done  in  a  cylinder,  expansion  being  assumed 
adiabatic  down  to  the  temperature  To. 

By  condensation  the  vapour  can  now  be  brought  to  a  liquid  at 
T2,  P2  ^o  ^^s  original  state  at  A.  In  Fig.  34  the  area  under  A  B 
represents  the  heat  absorbed  during  the  operation  A  B,  namely, 
the  increase  in  the  sensible  heat  of  the  liquid,  so  that  the  area 
A  B  Q  E  =  Si  —  83.  Also  the  area  under  B  C  gives  the  latent 
heat  L,  taken  in  during  the  change  of  state  from  B  to  C,  while  the 
area  under  DA  gives  the  heat  rejected  to  the  condenser.  The 
whole  heat  transferred  to  work  is  given  by  the  area  A  B  C  D. 

Assuming  no  superheating  occurs  in  the  compressor  of  a 
refrigerating  machine,  and  following  the  operations  in  the 
reverse  order,  namely,  evaporation  A  D,  adiabatic  compression  D  C, 
condensation  C  B,  and  further  cooling  to  bring  the  refrigerant  to 
its  original  state  A,  the  area  A  B  C  D  now  gives  the  work  done  by 
the  compressor  on  the  fluid. 

If  it  were  a  practical  proposition  to  fit  an  expansion  cylinder 
in  place  of  the  free  expansioh  through  the  regulating  valve,  the 
work  represented  in  heat  units  by  the  triangular  area  A  B  F 
would  be  restored  by  the  refrigerant,  and  the  net  work  done 
would  be  given  by  the  area  F  B  C  D,  which  represents  a  Carnot 
cycle. 

Befrigerating  Effect. — In  an  ideal  vapour-compression  machine 

cycle,  the  refrigerating  effect  is  given  by  the  area  under  F  D,  which 

is  equal  to 

T2  .  F  D  =  T2  .  B  C, 

that  is,  T2  — .     •  .  •  .      (m) 

''"1 

With,  however,  the  free  expansion,  as  adopted  in  practice,  the 
effect  is  reduced  to  M  D  P  Q,  Fig.  35,  where  the  area  F  M  Q  R  is 
equal  to  A  B  F  in  the  ideal  machine. 

In  practice  these  areas  are  only  approximately  equal,  as  will  be 
indicated. 
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The  enthalpy  is  unchanged  by  the  free  expansion  operation, 

that  is,  ii  =  12,    .  •  .    (Appendix  II) 

and  further  i  is  practically  the  same  as  the  heat  supply  at  constant 

pressure,  that  is, 

h  =  Si  +  ApyS, 

for  Sj  is  the  total  heat  given  to  the  liquid  at  pressure  p^,  to  bring 

it  into  the  condition  shown  at  B,  Fig.  35,  at  temperature  Ti  from 

liquid  at  32°  F. 

The  cooling  of  the  fluid  from  B  to  A  is  due  to  a  portion  of  the 


Tj 


T, 


Fig.  35. 


O  N  R         Q  P  K  ^ 

liquid  vaporizing  on  passing  the  regulating  valve,  the  heat  required 
to  do  this  being  absorbed  from  the  wet  liquid  at  B,  which  is  thereby 
cooled  to  A.  As  this  cooling  is  done  by  internal  means,  it  follows 
that,  not  only  is  the  expansion  worJc  lost  but  its  equivalent  in  cooling 
has  to  be  supplied  from  the  fluid  itself,  and  the  refrigerating  effect 
is  thereby  further  reduced.  This  matter  is  a  very  important  one  in 
refrigeration  and  must  be  further  considered,  but  it  can  be  noted 
at  once  that  the  steeper  the  line  A  B  the  less  the  loss  wiU  be,  while 
the  longer  the  line  A  D  the  greater  the  refrigerating  eflfect.  The 
slope  of  the  hne  A  B  depends  on  the  specific  heat  of  the  liquid — a 
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low  specific  heat  meaning  a  greatei'  slope,  while  the  length  of  the 
line  A  D  depends  on  the  latent  heat — a  high  latent  heat  meaning  a 
long  line. 

In  a  good  refrigerant,  therefore,  tJie  ratio  of  the  latent  heat  of  the 
liquid  to  the  specific  heat  of  the  liquid  should  he  large. 

Further,  let  x^  be  the  dryness  fraction  of  the  fluid  after  passing 
the  regulating  valve,  then 

h  =  (§2  +  ^"1^2)  +  A  j?2S, 
for  S2  +  ic^La  measures  the  heat  given  to  the  fluid  to  form  vapour 
of  dryness  fraction  x^,  under  constant  pressure  p2'     Hence,  equating 
«\  and  i^,  we  obtain 

Si  -  S2  =  it'iLa  -  A  {pi  -  P2)  s,   .  .     (n) 

or  if  we  neglect  the  relatively  small  quantity  A  {p^  —  p.2)  s, 

we  get  X,  =  ^^\  .  .  .     (p) 

AM 
which  gives  in  Fig.  35  the  value  of  the  ratio  -v-^ ,  and  so  fixes  the 

point  M. 

The  approximate  equality  of  the  areas  A  B  F  and  F  M  Q  E,  can 

be  shown,  since  the  area  under  A  B  or  A  B  R  N  is  equal  to  Sj  —  83, 

the  heat  taken  in  from  A  to  B.     The  area  under  A  M 

A  N  .  A  M  =  T2  -'^ 
'''2 

=   X^  1j2, 

SO  that  by  equation  (p)  the  area   A  B  E,  N   is  equal   to   the   area 
A  M  Q  N.     Taking  away  the  common  area  A  F  R  N,  we  get 
ABF  =  FMQR. 
The  equality  of  these  areas  can  only  be  accepted  in  approximate 
calculations,  as  the  area  A  B  F  represents  the  loss  of  I'efrigerating 
effect  only  on  the  assumption  that 

A(Pi  -i>2)« 
is  small  compared  with  S^  —  82- 

This  assumption  is  Justified  when  using  NH3  or  SOg,  but  the 
percentage  error  when  dealing  with  CO2  cannot  be  overlooked. 

For   example,  with  CO2,  taking   t^  =  86°  F.  and  i.^  =  14°  F., 
from  the  Tables  (Table  2,  page  1008) 

Si  -  S2  =  56-88 
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and  ^(1^1— j;^)s=     2'15; 

an  error  of  4  per  cent,  would  thus  be  introduced. 

The  consequences  of  the  free  expansion,  to  summarize,  are 
twofold : — 

(1)  The  balance  of  the  work  done  per  unit  weight  of  the 
refrigerant  per  cycle  has  been  increased. 

(2)  The  refrigerating  effect  has  been  diminished  by  an 
approximately  equal  amount. 

The  consequent  loss  is  not  a  constant  for  all  refrigerants,  and  must 
be  taken  into  account  when  comparisons  are  made  (Appendix  IV). 

Coefficient  of  Performance  with  Wet  Compression. — The  coefficient 
of  performance  in  any  assumed  case  can  be  obtained  as  a  ratio  of 
two  areas  on  the  t  —  0  diagram,  if  such  be  available,  or  it  may  be 
calculated  as  follows  : — 

On  Fig.  35  the  coefficient  of  performance  r]  is  given  by  the 
ratio  of  the  area  M  D  P  Q  to  the  area  A  B  C  D. 

Let  x^  =  T-p    be  the  dryness  fraction  at  the  beginning  of  the 

compression,  then  the  entropy  at  D  is 

and    the    entropy  at   C,  assuming   constant   specific   heat  for   the 
liquid, 

ciog«4^  +  ^;. 

But  the  entropy  at  C  is  equal  to  the  entropy  at  D,  therefore 

which  gives  x  =  ^  (^  loge  ^'  H ^|  •  •     (9.) 

or,  using  Tables,  x  =  '^l^it^-i^^. 

Thus  x^  can  be  calculated.  The  value  of  77  can  now  be 
determined. 

The  area  A  B  C  D  =  ai"ea  under  ABC  —  area  under  A  D 
=  (Si-S2  +  L0-.i-,L„ 

4  A 
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and  the  area  M  D  P  Q  =  area  under  AD  —  area  under  A  M, 
=  .a-.,  Lo  —  area  under  A  B 


hence 


x^  Lo  -  (S,  -  S,) 


(r) 


/  "~  Si  -  S,  +  Li  -  a;2  L2  • 

With  CO.2  it  is  probably  advisable  to  apply  the  small  correction 
—  A  (pi  —  P2)  «  to  the  refrigerating  effect. 

Within  the  ordinary  working  temperatures  of  refrigerating 
machines  no  serious  error  is  introduced  by  assuming  the  liquid  line 
A  B  to  be  straight,  and  by  the  use  of  Tables  the  amount  of 
calculation  to  determine  rj  can  be  reduced. 

Thus,  in  Fig.  36  (the  essential  part  of  Fig.  35), 

Fig.  36. 


the  refrigerating  effect  =  area  under  M  D 

=  area  under  F  D  —  area  under  F  M  ; 
area  under  F  D  =  t.2  .  F  D  =  T2  .  B  C  —  t^  ^^i ; 
area  under  F  M  =  area  A  B  F 

= lAF . FB 

=    2  {4>Wi   -   ^w.2)   (Ti    -  To). 

Further,  the  area  A  B  C  D  =  the  work  done  in  heat-units 

=  ABF  +  BCDF; 
area  B  C  D  F  =  </),i  (r^  -  r,). 
Thus  all  the  elements  necessary  to  find  -q  are  determined. 

Example.— \n    an    ammonia    compression    machine,    assuming 
t^  =  68^  F.  and  U  =  14°  F.,  to  find  -q  with  wet  compression. 
From  Table,  Appendix  I, 

</),!  =  0-971,     <i>u',  =  0-080,     (^,„,  =  -0-041, 
Ti  =  68  +  460  (approx.)  =  528^   and   t^  =  474°, 
rj  =  8-2. 
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Dry  Compression. — If  the  process  of  evaporation  had  been 
complete  before  compression  commenced,  the  adiabatic  operation 
would  be  represented  by  E  G,  Fig.  37,  and  the  temperatui-e  T3  at  the 
end  of  compression  would  be  found  most  easily  from  the  diagram, 
by  finding  the  intersection  of  the  adiabatic  E  G  with  the  constant 
pressure  (p^)  line  A  B  C  G.  The  vapour  is  then  superheated  by 
an  amount  T3  —  t^. 

The  direct  effect  is  to  increase  the  work  done  by  an  amount 


Fig.  37. 


represented  by  the  area  below  C  G  as  far  as  the  horizontal  at  E, 
and  to  increase  the  refrigerating  effect  by  the  area  thence  to  K  P. 
From  a  theoretical  standpoint,  this  results  in  a  loss. 

Coefficient  of  Performance  using  Dry  Compression. — The  coefficient 
of  performance  may  be  obtained  by  measurement  of  areas  on  the 
T  —  0  diagram,  if  available ;  otherwise,  by  calculation,  since  the 
area  C  G  K  P  is  equal  to  K^^  (xg  —  r^),  we  require  to  know  T3.  This 
is  given  directly  by  the  fact  that  0  at  G  is  equal  to  the  <^  at  E  ; 
equating  these  values,  we  get 

4  A  2 
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ff>wi  +  <f>si  +  ^P  loge'^'   =   i>wo  +  i>s.>,  .       (s) 

which  sufl&ces  to  determine  t^  if  Kj,  is  known  and  the  Tables  of  <^ 
are  available. 

The   area    M  E  K  Q,  which    gives   the   maximum   refrigerating 
effect  possible  with  dry  compression,  may  be  given  in  the  form 
L,  -  (S,  -  S^), 

Lj  —  (Si  —  Sj)  ,  . 

an  equation  of  doubtful  value  unless  the  quantities  involved  can 
be  accepted  without  question. 

A  further  method  is  to  determine  the  work  done  AW  directly 
from  the  r  —  (f>  diagram,  or,  by  assuming  the  liquid  line  A  B  to  be 
straight,  proceeding  as  in  the  following  example. 

Assuming  t-^  =  68^  F.  and  t.^  =  14'  F.,  find  tj  in  an  ammonia 
machine  using  dry  compression. 

From  Table  1  (page  1007), 

(^,^  =  0-971  (pw,  =  0-080 

<^,^  =  1-190  <fiu,^  =  -  0-041 

Taking  'Kp  =  0-.508,  we  obtain  from  equation  (s)  (or  fi-om 
T  —  <fi  diagram)  that  r^  =  682°  F.  (approx.). 

Determining  the  equivalent  areas  to  A  B  F,  B  X  E  F  and  C  G  X, 
in  Fig.  37,  on  a  t  —  <}!>  diagram,  we  obtain 

_    518-9    _  «   ,g 
'^  ~    72-92    ~   ''^^- 
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APPENDIX  IV. 

Theoretical  Comparison  of  ISril3,  CO2,  and  SO.,, 
AS  Refrigerants. 

Thermodynamic  Losses  peculiar  to  the  Befrigerants. — In  an  ideal 
machine,  working  in  a  reversed  Carnot  cycle,  it  does  not  matter, 
thermodynamically,  what  substance  is  used  as  a  refrigerant.  It 
has  been  shown,  in  Appendix  III,  that  in  a  practical  machine,  even 
with  an  expansion  cylinder,  there  is  an  unavoidable  loss  represented 
by  the  area  under  AF,  Fig.  37  (page  1017).  With  a  regulating 
valve,  such  as  obtains  in  practice,  the  loss  is  represented  by  the 
area  under  A  M,  Fig.  37. 

This  loss  varies  with  different  refrigerants,  but  must  be  held  as 
telling  against  them  as  refrigerants. 

The  following  Table  shows  the  percentage  loss  of  refrigerating 

A  M 
effect  (that  is,  — =,   x  100,  in  Fig.  37),  when  the  upper  and  lower 

temperatures  are  68^  F.  and  14°  F.  respectively. 


Refrigerant. 

Latent  heat 

Liquid  heat 
Si-S, 

Refrigerating 
effect. 

Percentage  loss 
(S,-S„)100 

C0„ 
NH3 
SO, 

110-65 

577-4 

168-18 

32-08 
58-50 
17-27 

78-57 
518-9 
150-9 

29-0 
10-1 

10-28 

This  loss  tells  very  heavily  against  CO2.  If  we  had  taken  the 
upper  temperature  limit  at  86°  F.  instead  of  68°  F.  the  comparison 
would  have  been  still  more  unfavourable  to  CO2. 

Regulating  Vahe. — The  use  of  the  regulating  valve  in  place  of 
an  expansion  cylinder  must  now  be  considered. 

Referring  to  Fig.  37  (page  1017),  the  area  under  FE  represents 
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the  refrigerating  effect  with  the  expansion  cylinder,  and  the  area 

under  M  E  the  refrigerating  effect  when  a  regulating  valve  is  used. 

Area  under  F  E  =  area  under  A  E  —  area  under  A  F  ; 

area  under  M  E  =  area  under  A  E  —  area  under  A  M  ; 
=  L,  -  (S,  -  S^). 
Using  Tables   and   taking   the   same  temperatures  as  before,  viz. 
68°  F.  and  14°  F.,  the  foUowing  Table  is  obtained :— 


Eefrigerant. 

L2— 2 

L-(S,-S,). 

Difierence. 

Percentage 
difierence. 

CO2 
NH3 
SO2 

80-44 
522-19 
151-85 

78-57 
518-90 
150-91 

1-87 
3-29 
0-94 

2-33 
0-63 
0-62 

Admitting  that  the  use  of  the  regulating  valve  is  justified 
for  practical  reasons,  the  figures  just  given  would  seem  to 
indicate  that  its  use  is  more  than  justified,  but  it  must  be 
remembered  that  the  effect  of  the  substitution  of  the  regulating 
valve  for  the  impossible  expansion  cylinder  on  the  coefficient  of 
performance  is  more  serious,  for  the  heat  representing  the  loss  of 
refrigerating  effect  in  the  last  Table  is  equivalent  to  the  increase  in 
the  expenditure  of  work,  since  the  area  F  M  Q  R  is  equal  to  the 
area  ABF,  Fig.  37  (page  1017). 

With  «i  =  68°  F.  and  t.,=  14°  F.,  as  before  :— 


Refrigerant. 

Percentage 
loss  by  free 
expansion. 

Calculated 

Carnot  cycle 
■n. 

Percentage  loss 

from  Carnot's 

cycle. 

COj, 
NH3 
SO2 

17-4 
5-1 
5-3 

6-70 
7-12 

7-47 

8-78 
8-78 
8-78 

24-7 
18-8 
14-9 
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APPENDIX  V. 

Outline  Design  of  an  Ammonia  Compression  Machine. 

Assuming  average  temperatures  of  70°  F.  and  0°  F.  for  the 
ammonia  in  the  condenser  and  evaporator,  and  allowing  for  losses 
at  the  regulating  valve,  influx  of  heat  into  the  pipe  connections  and 
cold  parts,  and  by  superheating  in  the  compressor,  450  B.Th.U. 
per  pound  of  ammonia  circulated  may  be  taken  as  available 
refrigerating  eflfect. 

Taking  one  ton  of  refrigeration  as  322,000  B.Th.U.  per  day  of 
twenty-four  hours,  then 
322,000 


450 


=  lb.  of  ammonia  to  be  circulated  per  day  per  ton, 

322,000        „  .      ^ 

TA  lb.  per  minute. 


450  X  24  X  60 


Taking  the  volume  of  1  lb.  of  ammonia  vapour  at  0°  F.  to  be 
9  •  1  cubic  feet,  then 

322,000  X  9-1  T_-    J!     ^    e  •  XI 

-rs7{ — K-4 — ^?,  =  cubic  leet  or  ammonia  vapour  to  be 
450  X  24  X  60  J^ 

circulated  per  minute. 
=  4'53     cubic     feet     of     compressor 
displacement  per  minute  per  ton 
of  refrigeration  per  day. 

This  displacement  would  be  required  for  machines  of  2  tons  of 
ice-making  capacity  per  day  and  under,  but  a  little  less  than  this 
figure  may  be  allowed  for  machines  making  5  tons  of  ice  per  day 
and  over.  The  following  Table  (page  1022)  may  be  taken  as  a 
typical  example  of  the  variations  of  allowance  according  to  size. 

This  Table  is  intended  to  illustrate  commercial  conditions,  and 
only  300,000  B.Th.U.  is  allowed  for  effective  ice-melting  capacity 
per  ton,  the  remaining  22,000  B.Th.U.  representing  a  reserve  of 
about  7  per  cent. 

It  should  be  noted  that  for  a  machine  making  5  tons  of  ice  per 
day  700,000  B.Th.U.  per  ton  is  allowed,  while  for   100  tons  the 
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amount  is  only  510,000  B.Th.U.  per  ton,  which  leads  to  a  somewhat 
corresponding  decline  in  the  compressor  displacement  per  minute. 


No.  of 
Machine.* 

Per  day  of  24  hours. 

Compressor 
displacement. 

Ice 
making. 

Ice 
melting. 

Effective 
B.Th.U. 
removed. 

Rate. 
Cubic  feet 
per  min. 
per  ton 
refrigera- 
tion. 

Cubic  feet 
per  minute. 

1 
2 
3 
4 
5 

Tons. 
5 

10 

25 

50 

100 

Tons. 
11-7 

20-0 

45-0 

87-0 

170-0 

3,500,000 

6,000,000 

13,500,000 

26,000,000 

51,000,000 

4-4 

4-35 

4-3 

4-2 

4-1 

51-5 

87 

193-5 

365 

697 

*  For  reference  in  this  Appendix  only. 

Piston  Speed. — Owing  to  the  fact  that  most  compressors  depend 
on  self-acting  mushroom  valves  for  both  the  suction  and  delivery, 
the  piston  speed  is  much  below  ordinary  steam-engine  practice. 

The  maximum  speed  is  about  350  feet  per  minute — this  speed 
being  reached  both  in  the  case  of  the  quick- revolution,  single-acting, 
vertical  compressors,  as  well  as  in  the  slow-running,  horizontal, 
double-acting  machines. 

The  revolutions  per  minute  vary  from  45  in  the  latter  case  to 
200  in  the  former  type. 


Relation  of  Diameter  to  Strol-e. — It  is  most  important  that  the 
whole  of  the  contents  of  the  compressor  should  be  swept  out  at 
each  stroke.  Unless  oil  (De  la  Vergne  and  Sterne  systems)  is  used, 
this  is  practically  impossible,  and  so,  however  small  the  clearance 
may  be,  the  piston  must  be  well  on  its  return  stroke  before  the 
entrapped  gas  can  expand  to  the  inferior  pressure. 


Nov.  1012.      VAPOUR-COMPRESSIOX    REFRIGERATING    MACHINES.  1023 

Thus  (when  oil  is  not  used)  the  longei"  the  stroke  in  relation  to 
the  diameter  for  a  given  capacity,  the  greater  the  eflficiency. 

A  long  stroke,  however,  means  a  long  connecting-rod  and  long 
bed-plate,  with  a  correspondingly  increased  cost  all  round,  and  so 
the  following  is  found  to  be  a  reasonable  ratio : — 

y   =  2to  2-4, 

where  I  =  length  of  stroke  in  inches, 

cl^  =  diameter  of  compressor  in  inches. 

Thickness  of  Metal  in  the  Compressor. — The  thickness  of  metal 
for  the  compi'essor  walls  is  determined  by  the  fact  that  cast-iron 
(the  metal  invariably  employed)  is  porous,  and  1  inch  to  1^  inch 
is  required  to  ensure  good  working  with  ammonia  at  the  pressures 
generally  employed. 

With  very  close-grained  iron  and  plain  castings,  such  as  would 
be  used  for  vertical  machines,  the  metal  may  be  reduced  to  ^  inch, 
but  it  is  not  advisable  to  go  below  this,  however  small  the  compressor 
may  be,  nor  should  any  cast-iron  used  in  the  circuit  be  thinner  than 
this. 

For  compressors  above  8  inches  to  9  inches  diameter  a  liner 
may  be  fitted  with  advantage,  and  this,  if  the  rule  given  for  the 
ratio  of  stroke  to  diameter  be  followed,  should  not  be  less  than 
1 J  inch,  and  may,  with  a  compressor  21  inches  diameter  and  over, 
be  made  1^  inch  thick,  it  being  remembered  that  the  liner,  as  a 
rule,  bears  only  at  each  end,  and  consequently  must  be  made 
sufficiently  stiff  {see  Fig.  9,  page  968). 

Compressor  and  other  castings  may,  with  advantage,  be  subjected 
to  a  solution  of  sal-ammoniac  (ammonium  chloride)  under  a  pressure 
of  200  lb.  per  square  inch.  This  has  the  effect  of  closing  the  pores 
by  rusting  them  up ;  if  the  casting  has  to  be  machined,  the 
treatment  is  more  effective  if  done  after  the  first  cut  has  been 
taken. 

Valoes. — The  diameter  of  the  suction-valve  may  be  made  a  little 
above,  and  the  delivery  valve  a  little  below,  one-third  the  diameter 
of  the  compressor. 
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Suction-  and  Discharge-Pipes. — Little  or  no  difference  is  made 

between  the  diameter  of  the  suction-  and  discharge-pipes,  and  they 

may  both  follow  the  rule 

(l,  =  0-25^1, 

where  dj^  is  the  diameter   of   the   compressor  and  d^  the  internal 
diameter  of  the  connecting  pipes. 

Compressor-Mod. — The  rod  should  b3  made  of  piston-rod  steel, 
that  is,  of  tensile  strength  of  35  to  40  tons  per  square  inch  with  at 
least  21  per  cent,  elongation  over  6  inches. 

Taking/,  the  allowable  stress  in  the  rod,  as  2,500  lb.  per  square 
inch  (to  allow  for  bending,  etc.),  and  an  effective  pressure  of  156  lb. 
per  square  inch  on  the  piston,  we  have 

»2    —       1\/     f 

=  0-25^1, 
where  <^i  =  diameter  of  compressor, 

d.^  =  diameter  of  rod. 

Horse-power  required  to  drive  Compressor.  —  The  mean  effective 
pressure  for  an  ammonia  compressor  working  under  conditions 
suited  for  ice-making  may  be  taken  as  60  lb,  per  sq.  inch;  from 
this  the  probable  "  indicated  hoi'se-power  "  of  the  compressor  may  be 
computed  ;  by  adding  25  per  cent.,  the  required  i.h.p.  of  the  engine 
may  be  found. 

The  following  rule  may  be  followed : — 

h  =  2  a  -f  c, 
where       h  =  i.h.p.  of  engine  ; 

a  =  ice-making  capacity  of  machine  in  tons  per 

24  hours ; 
c  =  constant  =  7  for  machines  of  10  tons  and 

below,  and  10  for  machines  above  10  tons 

per  day. 
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Condensers. — The  square  feet  of  surface  required  does  not  seem 
to  depend  on  the  ordinary  laws  for  the  transmission  of  heat  through 
metal  walls,  but  300  to  550  B.Th.U.  may  be  transmitted  per  square 
foot  of  mean  surface  per  hour. 

Assuming  condensing  water  inlet  not  to  exceed  65°  F.  : 

Then  for  each  ton  of  ice-melting  capacity  (ton  of  refrigeration), 

For  submerged. 

Ample  :  60  to  70  running  feet  of  1  j-inch  internal  diameter 

pipe. 

Small  :  50    running   feet   of    Ij-inch    internal    diameter 

pipe. 
Atmospheric. 

Ample :  90  running  feet  of  1^-inch  pipe. 

Small  :  60  running  feet  of  1^-inch  pipe. 

Pipes  3^2  inch  to  j\  inch  thick. 

It  should  be  mentioned  that  the  reason  why  the  difference 
between  the  ample  and  small  allowances  are  closer  in  the  case  of  the 
submerged  than  in  the  atmospheric,  is,  that  the  conditions,  under 
which  the  submerged  work,  are  much  more  stable  than  those  of  the 
atmospheric  condenser.  Again,  one  of  the  reasons  why  such 
variations  in  practice  exist  is  due  to  the  fact  that,  in  many 
installations,  allowances  are  made  for  sections  to  be  cut  out  of 
circuit  for  inspection,  renewals  or  repairs,  without  seriously  affecting 
the  woi'king  of  the  machine. 

The  grids  of  coils  for  atmospheric  condensers  may  be  spaced 
12  inches  to  20  inches  apart,  12  feet  to  20  feet  long  and  8  feet  to 
12  feet  high. 

Note. — Taking  the  mean  diameter  of  the  pipes  one  running  foot  of  2-inch 
pipe  =  1-33  foot  of  1^-inch  pipe  =  1'6  foot  of  1^-inch  pipe  =  2  feet  of  1-inch 
pipe. 

Evaporators. — The  many  and  very  varied  forms  and  uses  of 
evaporators,  the  variations  in  practice  with  regard  to  the  difference 
in  temperature  between  the  ammonia  and  the  surrounding  medium, 
make  it  quite  impossible  in  the  scope  of  this  Appendix  to  give  even 
the  barest  outline  for  the  design  of  an  evaporator.     Suffice  it  to  say 
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that  if  bi'ine  is  being  cooled  under  conditions  similar  to  those  which 
exist  when  ice  is  being  made  by  the  brine,  then  : — 

For  each  ton  of  ice-melting  capacity  allow  125  to  150  running 
feet  of  Ij-inch  internal  diameter  pipe,  it  being  understood  that  the 
greatest  possible  care  is  taken  to  ensure  an  efficient  circulation  of 
the  brine. 

Tables  4  and  5  summarize  the  preceding  rules. 


APPENDIX  VI. 

Testing  Vapour-Compression  Kefrigekating  Machines. 

The  bewildering  conflict  of  results  of  apparently  reliable  tests 
of  vapour-compression  machines,  carried  out,  in  many  cases,  by 
eminent  authorities,  more  particularly  in  comparative  and 
competitive  tests  between  the  three  principal  refrigerants  in 
general  use — KHa,  COg,  and  SO2 — shows  conclusively  that  much 
study  and  careful  research  is  required  to  put  the  knowledge  of 
this  class  of  machine  on  a  satisfactory  basis. 

It  must,  however,  be  pointed  out  that  jDublished  results  of 
comparative  tests  nearly  always  lack  essential  figures.  It  is  quite 
easy  to  make  any  one  of  the  three  types  mentioned  to  come  out 
best  in  a  series  of  trials,  and  yet  the  records — published  exactly  as 
taken — to  indicate  that  the  machines  were  (apparently)  working 
under  exactly  similar  conditions. 

Theoretically,  it  is  best  to  keep  the  refrigerant  saturated  during 
its  cycle  (wet  compression — see  Appendix  III,  page  1010).  The 
clearance  in  the  compressor  (that  is,  a  practical  consideration)  is 
apt,  however,  to  tell  heavily  against  this  system  as  compared  with 
dry  compression.  The  clearances  in  the  compressor  or  compressors 
should  always  be  included  in  the  records. 
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Further,  practice  seems  to  indicate  that  the  evaporator 
is  more  efficient  under  wet  and  the  condenser  under  dry 
compression. 

It  follows,  therefore,  that  possibly  good  results  would  be 
obtained  by  working  the  evaporator  under  wet  conditions,  and 
then  thoroughly  drying  the  vapour  by  some  mechanical  means 
(say,  in  a  spiral  chamber)  in  its  passage  from  the  evaporator  to  the 
compressor,  thus  superheating  the  vapour  in  the  compressor  to  a 
limited  extent,  this  in  turn  allowing  the  condenser  to  do  its  best 
duty.  Records  should  therefore  be  given  of  the  temperatures  of 
the  refrigerant  at  all  important  points  in  the  circuit. 

Both  theoretically  and  practically  the  coefficient  of  performance 
of  a  machine  is  improved  by  cooling  the  liquid  refrigerant,  after  it 
leaves  the  condenser  and  before  it  passes  the  regulating  valve,  to 
the  lowest  available  temperature  in  the  machine  itself.  If  this  is 
done  directly  or  indirectly  the  records  should  show  it. 

In  the  following  suggested  methods  for  recording  tests,  it  is 
assumed  that  the  actual  amount  of  energy  suppKed  for  driving  the 
machine  can  be  determined.  Electric  driving  by  a  motor  of  known 
efficiency  has  much  to  recommend  it. 

Brine  circulation  in  the  evaporator  is  also  assumed  and  for 
laboratory  tests  the  brine  can  be  heated  electrically  or  by  steam, 
a  check  being  thus  afforded  on  the  heat  eliminated  by  the  machine. 
Endless  possibilities  (for  laboratory  work)  are  ofiered  in  the  way  of 
heat  exchangers  for  utilizing  the  heat  wasted  in  the  condensing 
water,  etc. 

Data  Eequibed. 

Co'm]pressor. 

I  Double  or  single  acting,  horizontal 
or  vertical.  If  fitted  with  water- 1 
jacket,  extra  records  to  be  inserted  | 
accordingly.  J 

Diameter 

Stroke 

Clearance. — Back Volume 

Front Volmne 

Diameter  of  compressor -rod 

Volume  swept  through  by  compressor-piston  per  revolution 
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Condenser. 

Type 

Cinternal 


Diameter  of  pipe    ^ 

(.External 

No.  of  sections 

Length  of  pipe  in  each  section  ft. 

Total  length  of  pipe    ft. 

Estimated  heating  surface     <  _ 

(.External      sq.ft. 

Material  of  pipe 

Remarks  re  circulation  of  water 


Evaporator. 

Same  as  for  condenser,  and  in  addition — 

Method  (if  any)  for  agitating  the  brine. 
Insulated  or  in  insulated  space 


Brine. 

Salt  employed 

Tables  of  specific  heats  and  specific  gravities  of  the  brine  for  ranges 
of  temperature  used  in  the  test 

Note. — It  is  better  to  run  the  machine  for  some  hours 
before  observations  are  taken,  in  order  to  avoid 
allowances,  which  otherwise  must  be  made  due 
to  varying  temperatures  and  consequently  varying 
specific  heats  of  the  brine. 

Methods    of    measuring    and    checking    the     quantities    of    brine 
circulated  

Refrigerant. 

Outline  description  of  method  employed  for  measuring  the  quantity 
(weight)  of  refrigerant  circulated. 

Water. 

Methods    of    measuring    and     checking    the    quantities    of    water 
circulated. 

Remarks. — Quality  of  water  (town  supply,  well,  canal, 
sea-water,  etc.  Hard  or  soft).  Note  if  the  water- 
supply  be  heated  to  a  stated  temperature  before 
use,  etc. 

Begulating  Valve. 

Outline  description.     Record  of  movement  (if  any)  during  the  test. 
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Temperatures. 

Detailed    account    of    method    or     methods    adopted    for    reading 
temperatures. 

General  Remarks. 

Outline  description  of  any  particular  fitting  likely  to  affect  the  test, 

such  as  a  drier  between  the  evaporator  and  compressor. 
Amount  of  refrigerant   in   the  machine.     Interval  of  time  between 
charging   and    testing  the    machine.      Precautions  taken  to 
eliminate  air  or  other  foreign  gases  from  both  the  refrigerant 
■  and  brine  circuits. 


Obseevations  Required. 

Date Atmospheric  conditions 

Number  of  trial 

Duration 

Compressor. 

(1)  Indicated  horse-power 

(2)  Heat  equivalent  of  (1)     B.Th.U. 

(3)  Vapour  entering  compressor.     Temp Pressure. 

(4)  „       leaving  „  Temp Pressure 

Condenser. 

(5)  Temperature  of  water,  inlet 

(6)  „  ,,       outlet 

(7)  „  „       diSerence  (5)  and  (6) 

(8)  Quantity  of  water  circulated 

(9)  Heat  rejected  by  condenser     B.Th.U. 

(10)  Vapour  entering  condenser.     Temp Pressure. 

(11)  Liquid  leaving  ,,  Temp Pressure. 


Evaporator. 

(12)  Temperature  of  brine,  inlet 

(13)  „  „      outlet 

(14)  „  „      difference  (12)  and  (13) 

(15)  Quantity  of  brine  circulated 

(16)  Allowance  ±  B.Th.U.  for  variations   in   (12)   and   (13)   during 

trial  

(17)  Net  refrigerating  eSect     B.Th.U. 

(18)  Refrigerant  entering  evaporator.     Temp Pressure 

(19)  ,,  leaving  ,,  Temp. Pressure 

4   B 
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Heat  Balance. 

(20)  Net  refrigerating  effect  (17)      B.Tli.U. 

(21)  Heat  equivalent  of  work  expended  in\  -p  „v,  tt 

compressor  (2)/     J^.in.u. 

(22)  Total    heat    imparted  to  refrigerant  \  ^  „,   „ 

(20)  and  (21)/      ±5.iJi.U. 

(23)  Total  heat  rejected  at  condenser  (9)     B.Th.U. 

*(24)  Difierence  between  (22)  and  (23)     B.Th.U. 

Efficiency. 

(25)  Heat  equivalent  of  energy  supplied  to  machine B.Th.U. 

(26)  Coefficient  of  performance  (a).    Ratio  of  (2)  to  (17)  

(27)  Coefficient  of  performance  (6).     Ratio  of  (25)  to  (17)  

(28)  Efficiency  of  driving.     Ratio  of  (25)  to  (2) 

(29)  Capacity  of  machine.     Ice  melting  per  day  of  24  hrs 

General. 

(30)  Weight  of  refrigerant  circulated     lb. 

(31)  Estimated  refrigerating  efiect  from  (30) 

(32)  Difierence  between  (17)  and  (31)      B.Th.U. 

(33)  Temperature  of  liquid  refrigerant  before  passing  the  regulating 

valve 


*  This  difierence  is  generally  fairly  large.  In  commercial  machines  due 
allowances  are  made  for  "heat  leakage"  into  the  pipes  and  connections. 
See  Table  5  (page  1027). 
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A   CONTRIBUTION  TO   THE   THEORY    OF 
REFRIGERATING   MACHINES. 


By  JOHN  H.  GEINDLEY,  D.Sc,  Member,  Principal,  Crawford 
Municipal  Technical  Institute,  op  Cork. 


Introduction. — In  the  .author's  study  of  Vapour-Compression 
Refrigerating  Machines  he  has  often  been  inconvenienced  by  the 
fact  that  the  available  diagrams,  showing  the  heat  properties  of  the 
refrigerants  CO2  and  NH3,  are  drawn  to  scales,  the  units  of  which 
are  in  the  C.G.S.  system  and  not  in  the,  at  present,  more  familiar 
British  units,  and  the  Tables  giving  the  heat  properties  of  the  liquid 
and  saturated  vapours  of  these  refrigerants  sometimes  show 
discontinuities  which  mar  the  conclusions  made  when  discussing 
particular  problems  requiring  a  knowledge  of  differences  between 
consecutive  or  near  numbers  in  those  Tables.  Hence,  since  he 
desired  to  bring  to  the  notice  of  refrigerating  engineers  a  new 
cycle  of  operations  in  refrigerating  machines,  which  would  indicate 
that  increased  performances  could  be  obtained  from  such  machines, 
the  author  has  included  in  his  Paper  certain  Tables  and  diagrams 
which  he  has  used  in  his  work,  EngHsh  units  being  used  throughout 
and  no  improbable  discontinuities  of  moment  appearing  in  the 
Tables. 

Apart  from  these  Tables  and  diagrams,  the  discussion  from  a 
theoretical  standpoint  of  the   new  cycle  of  operations  referred  to 

4  B  2 
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Fig.  ZQ.— Temperature-Entropy  (t-^)  Diagram,  for  CO^ 
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forms  the  main  part  of  this  Paper,  the  advantages  of  the  new  cycle 
being  clearly  shown,  especially  when  the  temperature  of  the 
condensing  water  is  high  ;  and  though  the  cycle  has  not  been  tried 
in  practice,  so  far  as  the  author  is  aware,  a  discussion  of  its  merits 
might  lead  to  some  conclusions  of  practical  value. 

Description  of  a  Neio  Cycle  of  Operations. — Fig.  38  shows 
a  T-(fi  (temperature-entropy)  diagram  for  CO2  giving  a  particular 
cycle  of  operations  for  the  refrigerant  as  follows  : — Let  ABC  be  the 
boundary  line  for  the  liquid  and  dry  vapour  of  CO2  drawn  in  the 
usual  manner,  and  let  the  lines  AC  and  BE  be  drawn  at  the  lower 
and  upper  temperatures  t^  and  t^  at  which  the  refrigerant  takes  in 
its  heat  and,  in  the  main,  rejects  its  heat  respectively.  Further, 
assume  the  compression  to  be  dry  and  adiabatic. 

Starting  with  the  liquid  in  condition  rej)resented  by  the  point  B 
just  before  freely  expanding  it  through  the  throttle,  we  should 
by  using  an  expansion  cylinder  and  expanding  the  liquid  to  the 
lower  temperature  adiabatically  obtain  the  refrigerant  in  condition 
represented  by  D ;  but,  owing  to  the  aboKtion  of  the  expansion 
cylinder,  the  actual  condition  of  the  refrigerant  after  free  expansion 
is  represented  by  Di,  the  area  under  DDj  (DD^Mj^M)  being  equal 
to  the  area  A^BD,  the  curve  A^B  being  a  constant-pressure  line 
through  B.  The  refrigerant  now  takes  up  heat  represented  by 
the  area  D^CNM^  until  it  becomes  dry  vapour  represented  by  point 
C,  and  it  is  then  compressed  ^  adiabatically  as  represented  by  CG, 
until  the  pressure  reaches  that  given  by  the  constant-pressure  line 
EG  drawn  through  E,  after  which  it  is  condensed  back  to  its 
original  state  represented  by  B. 

This  is  the  usual  cycle  and  diagram  discussed  in  the  text-books, 
and  it  is  there  shown  that  the  work  done  (W)  in  the  compressor  is 
represented  (in  heat  units)  by  the  area  ABGCA  and  the  refrigerating 

■D 

eflfect  (R)  by  the  area  D^CNMi,  the  ratio  -^  of  these  two  areas 
giving  {rf)  the  coej0S.cient  of  performance. 

It  is  a  well-appreciated  fact  when  using  COg  that  undercooling 
the  liquid  before  freely  expanding  it  shows  a  marked  improvement 
in  the  performance  of  the  machine,  and  it  occurred  to  the  author 
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that  the  following  alterations  in  the  cycle  would  show  some  gain  in 
the  performance. 

The  cycle  of  operations  in  actual  machines  being  a  continuous 
one,  let  the  relatively  hot  liquid  in  condition  represented  by  B, 
Fig.  38,  before  passing  the  throttle  be  passed  through  a  narrow  tube 
surrounded  by  a  second  larger  tube  through  which  the  cold  dry 
vaj)our  in  condition  represented  by  C  before  compression  passes, 
the  liquid  and  vapour  flowing  in  opposite  directions  so  that  the 
transfer  of  heat  can  be  effected  in  as  near  as  possible  a  regenerative 
manner.  By  doing  this,  the  liquid  could  be  cooled  down  considerably 
before  being  freely  expanded,  while  the  vapour  would  have 
become  superheated  to  practically  the  upper  temperature  t^.  If  the 
specific  heats  of  the  liquid  and  vapour  were  equal,  the  liquid  could 
be  practically  cooled  to  the  lower  temperature  t^  while  the  dry 
vapour  became  superheated  to  ^2-  In  reality,  owing  to  the  difference 
in  the  specific  heats ,  the  dry  vapour  takes  up  heat  as  represented  by 
the  area  under  CH,  Fig.  1,  which  is  a  constant-pressure  line  through 
C,  and  the  liquid  has  been  cooled  to  a  temperature  represented  by 
K,  where  the  whole  area  under  BK  is  equal  to  the  area  under  CH, 
one  area  representing  the  heat  given  up  by  the  Hquid  and  the  other 
that  taken  in  by  the  vapour. 

Now,  the  condition  of  the  gas  being  repi-esented  by  H,  let  the 
cylinder  be  well  jacketed  by  condensing  water  so  as  to  produce 
compression  as  nearly  as  possible  isothermal.  The  compression 
operation  would  then  be  represented  by  the  constant  temperature 
line  HE,  after  which  the  vapour  is  condensed  and  returned  to 
condition  B,  where  in  turn  it  could  be  undercooled  to  K. 

The  free  expansion  operation  would  then  bring  the  liquid  into 
condition  represented  by  L^,  where  area  AKL  =  area  under  LL^. 
The  cycle  of  operations  is  then  represented  by  KL^CHBK.  It 
involves : — 

(1)  Undercooling  of  the  liquid  before  free  expansion; 

(2)  Superheating  of  the  vapour  before  compression  ; 

(3)  Isothermal  compression. 

Comparing  this  cycle  with  the  usual  cycle  of  operations,  we  find 
that  the  work  done  in  the  compressor  (W)  is  represented  for  the 
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latter  cycle  by  ACGBA  and  for  the  new  cycle  by  ACHBA.  The 
difierence  between  these  areas  resolves  itself  into  the  difference 
between  the  triangular  areas  EFG  and  FCH,  a  difference  obviously 
very  small,  and  we  may  take  the  work  done  to  be  the  same  in  the 
two  cycles.  As  regards  the  refrigerating  effect  (R)  the  gain  is  at 
once  obvious,  the  area  under  L^C  representing  the  new  refrigerating 
effect  as  against  the  area  under  Dj^C  for  the  old  cycle.     The  ratio 

j^*^'  repi^esents  the  fractional  increase  in  R  and  the  area  under  L^Di 

the  net  gain  in  R. 

To  give  actual  figures  for  the  values  of  W  and  R  in  the  two 
cycles,  the  author  has  calculated  in  B.Th.U.  the  numbers  given  in 
the  following  Table,  the  sufiixes  1  and  2  distinguishing  the  old  and 
new  cycles  respectively. 


Upper 
Pressure. 

Temp. 
Limits. 

W,. 

W„. 

R,. 

R,. 

^'-. 
W^-"!- 

Per  cent. 
Increase  in 
Perform- 
ance. 

lb.  per  sq.  in. 

°P. 

°F. 

800 

20 

65-7 

10-9 

11-0 

78-9 

93-3 

7-24 

8-49 

17 

800 

10 

65-7 

14-2 

14-1 

79-4 

95-7 

5-59 

6-77 

21 

800 

0 

65-7 

17-2 

17-5 

79-5 

97-G 

4-62 

5-58 

21 

1000 

20 

82-5 

15-0 

14-5 

59-4 

79-5 

3-96 

5-48 

38 

1000 

10 

82-5 

18-7 

17-9 

59-9 

81-8 

3-20 

4-57 

43 

1000 

0 

82-5 

21-3 

21-5 

60-0 

83-6 

.2-75 

3-89 

!         41 

1200 

20 

90-0 

18-4 

16-9 

59-2 

79-8 

3-22 

4-73 

47 

1200 

10 

90-0 

22-4 

20-2 

59-7 

81-9 

2-66 

4-06 

53 

1200 

0 

90-0 

26-3 

23-9 

59-8 

83-6 

2-27 

3-50 

53 

The  figures  in  the  last  column  lead  to  the  conclusion  that  large 
increases  in  the  performance  of  vapour-compression  machines  might 
be  expected  to  follow  from  the  adoption  of  the  new  cycle,  especially 
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when  using  condensing  water  at  high  temperatures.  The  new 
cycle  would  therefore  be  expected  to  give  the  best  improvements 
when  used  in  machines  working  in  hot  countries. 

For  NHg  machines  an  examination  of  the  t-<^  diagrams  for  the 
old  and  new  cycles  would  show  that  increases  in  performance  would 
also  follow  from  the  adoption  of  the  new  cycle,  but  they  may  be 
more  difficult  of  realization  in  practice.  Assuming  the  compressions 
to  be  strictly  adiabatic  or  isothermal  as  the  case  may  be,  the 
calculations  on  the  T-(f)  diagi'am  would  show  a  gain  in  performance 
sometimes  as  high  as  20  per  cent.,  part  of  which  should  undoubtedly 
be  obtainable  in  practice. 

The  working  of  the  proposed  cycle  involves  two  additions  to  the 
usual  machines,  first,  an  efficient  water-jacket  to  the  compression 
cylinder,  so  that  the  compression  may  be  as  nearly  as  possible 
isothermal,  and  second,  a  simple  arrangement  of  inner  and  outer 
tubes  as  described,  by  which  the  cold  vapour  before  compression  can 
take  up  from  the  relatively  hot  liquid  before  passing  through  the 
expansion  valve  as  much  of  its  heat  as  possible,  the  transfer  being 
accompUshed  in  as  nearly  as  possible  a  regenerative  manner. 

Construction  of  the  Tables  for  CO2  and  NH3. — The  Notation  used 
throughout  and  the  units  in  which  they  are  given  in  the  Tables 
are  as  follows : — 

p  =  pressure  on  the  refrigerant,  lb.  per  square  inch. 

t  =  temperature  °F. 

T  =  absolute  temperature  '^F.     t  =  459  'Q  -\-  t. 

s  =  specific  volume  of  liquid,  cubic  feet. 

V  =  specific  volume  of  dry  vapour,  cubic  feet. 
L  =  latent  heat  of  evaporation,  B.Th.U.  per  lb. 

S  =  heat  of  the  liquid,  B.Th.U.  per  lb. 
H  =  total  heat  of  evaporation,  B.Th.U.  per  lb. 

(f)  =  entropy. 
(pio  =  enti"opy  of  the  liquid. 

Two  other  functions  a,re  used,  i  and  ip,  which  facilitate 
calculations  on  refrigerating  machines,  but  which  do  not  enter  into 
the  Tables,  though  they  will  be  used  later. 
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Table  for  CO.^.— The  Table  in  Zeuner's  Technical  Thermo- 
dynamics *  formed  the  basis  of  the  interpolation  work  necessary  for 
the  new  Table  here  given  (page  1050),  and  the  two  Tables  wiU  be 
found  to  agree  very  closely,  the  figures  in  the  new  Table  being  given 
for  every  5°  F.  The  construction  of  the  Table  given  by  Zeuner  is  well 
described  by  him ;  the  only  point  on  which  attention  need  be  called 
is  that  the  constants  in  Mollier's  formula  for  L,  namely,  L  =  a  t"'*^ 
(6-t)""*^  are  slightly  changed  from  the  values  given  by  him  to 
o  =  1  "2264  and  &  =  548*03.  Recent  work  seems  to  indicate  that 
the  values  of  L  so  obtained  may  be  too  small,  but  the  evidence  is 
too  inconclusive  to  enable  any  corrections  to  be  made  even  if 
necessary. 

Table  for  NHg. — The  NHg  Table  given  by  Zeuner  shows  a 
discontinuity  which  is  very  inconvenient  when  making  calculations. 
The  trouble  arises  from  the  fact  that  two  sets  of  data  are  available, 
and  one  of  these,  which  happens  to  be  the  more  reliable,  applies 
only  to  temperatures  above  32°  F.  After  close  examination  of  the 
figures  and  much  calculation,  the  experiments  of  Dieterici  on  specific 
volumes  and  his  calculations  of  L  have  been  taken  as  the  basis  of 
the  Tables  for  temperatures  above  32°  in  the  same  manner  that 
Zeuner  adopted.  At  temperatures  below  32°  F.  use  has  been  made 
of  Franklin  and  Kraus'  result  that  at  —  27*4°  F.  the  latent  heat 
of  NH3  was  613-8  B.Th.U.  It  was  difficult  to  form  a  good 
connection  between  this  value  and  the  latent  heats  above  32°  F., 
but  since  it  is  hardly  likely  that  the  latent  heat  would  vary  in  such 
a  manner  as  is  shown  by  the  older  Tables,  a  formula  like  that 
suggested  as  an  approximate  one  by  Dieterici,  namely,  L  =  a  Jt-^  —  t 
where  t^  is  the  critical  temperature,  should  serve  to  connect  the 
values.  The  only  reasonable  formula  which  gives  results  agreeing 
fairly  well  with  Dieterici's  figures  above  32°  F.  and  Franklin  and 
Kraus'  figure  for  L  at  —  27*4°  was  found  to  be 

L  =  40-326  (266-9  -  tf^^     .         .     (1) 
*  English  translation  by  Klein. 
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To  illustrate  these  results;the  cui'ves  on  Fig.  39  have  been  drawn  : 
the  line  AB  represents  results  obtained  from  (1),  the  points  shown 
as  crosses  are  obtained  from  Zeuner's  Tables,  and  the  point  C 
represents  Franklin  and  Kraus'  result.  When  the  scales  on  which 
this  diagram  is  drawn,  and  the  uncertainty  attaching  to  any 
particular  absolute  value  of  L  as  plotted  are  considered,  the  better 
plan  appeared  to  be  to   discard  the  values  of  L  below  32°  F.  as 

t 

100' 


75° 


5CP 


25° 


0° 


■27-4 


■50^ 


Connections  between  Latent  Heat  of 

Evaporation  (L)  ajid  Temjaerature  (t), 

for  NH,. 


450     475     500     525     550     575     600     625(B.TH.u) 

LATENT    HEAT    OF    EVAPORATION,    E.TH.U.    PER    LB. 

given  by  Zeuner  and  adopt  the  values  given  by  (1),  which  have 
many  points  in  their  favour. 

The  pressure-temperature  relation  agrees  with  that  given  by 
Zeuner,  the  values  of  p  and  t  being  found  to  agree  with  those  given 
by  a  formula  of  the  type  given  by  Nernst,  namely,  p  =  A  -\-  B  log 
T  +  C  T  +  —  with  suitable  values  for  the  constants.     The  values  of 

/.  were  obtained  from  this  equation. 
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The  specific  volumes  {v)  have  been  calculated  throughout  from 
the  values  of  L,  by  means  of  the  well-known  thermodynamic 
relation 

the  values  of  s  being  taken  to  vary  uniformly  from  0  •  0243  cubic  foot 
at  -  10°  F.  to  0'0281  cubic  foot  at  105°  F.  After  much  exhaustive 
calculation  work,  the  above  appears  to  be  the  best  method. 

Difficulties  were  experienced  in  calculating  S,  for  the  existing 
data  are  so  very  inconsistent.  Above  32°  F.  Dieterici  gives  for  the 
specific  heat  of  liquid  NH3 

c  =  1-118+  -001156  {t  -  32) 
and  this  has  been  taken  to  hold  for  temperatures  below  32°  F.,  all 
other  formulae  showing  an  improbably  large  variation  of  c  with  t. 
From  this  equation  we  get  for  the  heat  of  the  liquid 

S  =  1-118  (<- 32)+ 0-000578  (f  -32)2. 

The  calculation  of  the  remaining  columns  in  the  Table 
(page  1051)  ofi"ers  no  difficulty. 

On  certain  Diagrams  ivhich  render  easy  Calculations  on  Befrigerating 
Machine  Performances. — The  weU-known  t-0  diagrams  have  simple 
properties  appreciated  by  engineers,  for  the  work  done  in  the 
compression  cylinder  and  the  refrigerating  effects  produced  are 
represented  by  areas  on  these  diagi'ams.  A  t-^  diagram  for  CO2, 
using  British  units,  is  given  in  Fig.  40  (pp.  1042-3),  the  values  of  ^ 
being  obtained  from  MoUier's  diagrams.  The  determination  of  areas 
is,  however,  not  a  simple  matter  if  any  calculations  have  to  be  made, 
and  MoUier  has  drawn  a  diagram  for  COo,  which  has  for  co-ordinates 
i  and  0,  where  i  is  a  function  having  the  following  properties  : — * 

1 .  Changes  of  i  in  the  refrigerant,  while  it  gains  or  loses  heat 

at    constant  pressure,  measure    directly   the   amounts   of 
heat  so  gained  or  lost ; 

2.  The  change  of  i  in  the  refrigerant  between  the  lower  and 

upper    limits    of    pressure    in    the    compressor    measures 
directly  the  work  done  in  the  compressor ;  and 

*  See  Ewing's  "  Production  of  Cold,"  page  193. 
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Fig.  40. — T-(p  Diagram  for  COo,  the  Values 
The  work  done  in  the  compression-cylinder,  and  the  refrigerating 
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of  (p  being  obtained  from  Mollier's  Diagrams. 

effects  produced  are  represented  by  areas  on  these  diagrams. 
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Fig.  il.—<p  -  i  Diagram  for  CO^.    After  Mollier. 
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3.  The  value  of  i  remains  unaltered  by  the  free  expansion 
operation  through  the  throttle- valve. 

Hence  since  the  entropy  0  remains  constant  during  adiabatic 
operations,  a  diagram  drawn  with  <^  and  i  for  co-ordinates  would 
give  the  work  done  and  the  refrigerating  effect  in  any  cycle  using 
adiabatic  compression  as  simple  differences  on  the  scale  of  i. 

Unfortunately  rectangular  co-ordinates  render  the  diagram 
very  distorted,  and  use  is  made  of  oblique  co-ordinates.  Fig.  41 
shows  such  a  cf>-i  diagram  using  British  units  for  the  scales,  and 
this  diagram  will  not  offer  any  inconsistencies  with  MoUier's,  since 
it  has  been  drawn  by  interpolation  of  the  values  of  ^  and  i  given  on 
Mollier's  diagram. 

To  use  the  diagram,  take  for  example  the  compression  pressure 
to  be  1,000  lb.  per  square  inch,  no  undercooling,  the  lower 
temperature  of  the  CO2  as  10°  F.,  and  the  compression  adiabatic 
and  dry.  Then  A  on  the  boundary  curve  represents  the  condition 
of  the  dry  vapour  before  compression.  A  line  AB,  parallel  to  the 
0  axis,  to  meet  the  constant-pressure  line  corresponding  to  the 
compression  pressure  represents  the  adiabatic  compression.  The 
gas  is  then  condensed  at  constant  pressure  as  represented  by  BC, 
where  C  is  on  the  liquid  boundary  line,  and  a  line  CD  drawn  at 
right  angles  to  the  i  axis  from  C  to  the  10°  F.  line,  gives  the 
point  D  representing  the  condition  of  the  refrigerant  after  free 
expansion,  and  the  line  DA  represents  the  final  operation  of  taking 
in  heat.  In  calculations  on  W  and  R,  all  that  is  necessary  is  to 
find  the  value  of  the  i  co-ordinate  of  each  of  the  points  A,  B  and  C, 
for  the  value  of  i  at  C  and  D  are  equal.  If  i^,  Zg  and  i^  are  three 
such  values,  then  i^—  i^  =  W  and  i^  —  i^  =  R.  Numerically  with 
the  points  taken,  z^=  103-1,  ^B  =  121-5,  ^c  =  43-2,  therefore 
W  =  18-4,  and  R  =  59*9  B.Th.U.,  and  v  =  3-26. 

Though  such  a  diagram  for  NII3  would  not  be  quite  so  useful, 
since  approximations  can  be  made  as  to  the  dimensions  of  certain 
areas  on  the  t-^  diagram,  still  for  good  work  such  a  diagram  would 
have  its  use,  and  the  diagram  on  Fig.  42  (page  1046)  is  drawn  for 
this  purpose. 
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[Note. — The  values  of  <^  and  i  on  this  diagram  for  NH3  were 
made  with  data  not  so  recent  or  good  as  that  given  in  the  Table  of 
the  properties  of  NH3,  but  these  differences  will  not  affect  greatly 
any  deductions  made  from  this  diagram.] 

A  similar  cycle  to  the  one  just  described  on  the  CO2  diagram, 
and  having  the  same  letters  ABC  and  D  to  represent  the  same 
conditions  of  the  refrigerant  as  shown  would  give  the  following 
values  of  ^^,  {^  and  i^,  552*8,  648-5  and  58*2  respectively,  giving 
W  =  95-7  and  R  =  494-6  B.Th.U. 

The  use  of  these  diagrams  has  facilitated  the  author's  calculations 
on  the  vapour-compression  refrigerating  machine. 

The  above  described  4>-i  diagrams  are  of  no  use  however  for  the 
suggested  cycle  with  isothermal  compression,  and  use  has  been  made 
of  a  new  diagram  with  i  as  one  co-ordinate  and  a  thermodynamic 
function  xj/  as  the  other  co-ordinate.  This  function  ij/  (to  be 
defined  later)  has  the  property  of  representing  the  work  done  in 
the  compressor  in  isothermal  operations  in  precisely  the  same  way 
that  i  represents  the  work  in  the  compressor  in  adiabatic  operations. 
Ordinary  rectangular  co-ordinates  sufl&ce,  and  the  Fig.  43  (page  1048) 
shows  such  a  diagram  for  CO.,  and  Fig.  44  (page  1049)  for  NHg. 
Taking  for  example  a  -COo  machine  working  with  the  upper 
pressure  1,000  lb.  per  sq.  inch,  corresponding  vapour  temperature 
82*5°  F.,  isothermal  compression,  and  the  transfer  of  heat  from 
the  relatively  hot  liquid  before  free  expansion  to  the  gas  about 
to  be  compressed,  effected  in  the  manner  described  for  the  proposed 
cycle,  the  operations  would  be  represented  as  follows.  Let  A 
represent  the  dry  vapour  which  will  receive  heat  from  the  hot 
Kquid  to  raise  its  temperature  to  practically  82  •  5°  F.  at  constant 
pressure.  B  will  then  represent  its  conditions.  Isothermal 
compression  brings  it  to  condition  represented  by  C,  and  condensation 
brings  it  to  condition  D  at  the  same  pressure  and  temperature. 
The  liquid  is  then  further  cooled  before  free  expansion  in  the 
manner  described,  but  it  is  unnecessary  to  follow  the  operation  to 
find  the  drop  in  temperature,  for  if  i^  and  i„  represent  the  values  of 
t  in  the  refrigerant  in  conditions  B  and  D,  and  t/^g  and  i//^  are 
values  of  i^  at  B  and  C,  then  the  refrigerating  efl'ect  'R  =  i^  —  i^ 

4  c 
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and  the  work  done  in  the  compressor  W  =  j//-b  —  i/'g  for  the  reasons 
previously  given.  The  actual  figures  are  i^  =  123  "8,  ij,  =  42'l, 
i//3=  16-45  and  x}^^  =  -  1*42,  so  that  R  =  81-7  and  W  =  17-87, 
and  77  =  4  •  58,  an  increase  of  40  per  cent,  for  the  new  cycle. 

A  similar  cycle  on  the  if/-i  diagram  for  NH3  would  be  represented 
by  A  B  C  D . . . ,  the  same  letters  denoting  similar  conditions  on  the 
two  diagrams. 

Proofs  of  tJie  conclusions  named  when  referring  to  the  functions 
i  and  i//,  the  former  being  called  the  enthalpy. — Commencing  with  the 
fundamental  thermodynamic  relation,  using  heat  units  throughout, 

dB.  =  dJ] -[■  pdv  .  .  .  .     (1) 

or  dH  =  Td<^  =  rZ  (U  +  P^)  —  ^dp 

write  i  =  U  +  ]pv, 

so  that  dH  —  di  —  vdp      ....      (2) 

In  an  adiabatic  operation  dH  =  O,  so  that  di  =  cdp,  and  between 
limits 


^„  —  ^,  = 


j    v^P, 


and  the  right  hand  side  of  this  represents  at  once  the  area  of  the 
work-done  diagram  in  the  compressor,  so  that  the  change  of  i 
measures  the  work  done  in  the  compressor. 

From  the  equation  (2)  if  dj)  =  O,  that  is,  during  a  constant 
pressure  operation,  di  =  dH,  so  that  the  second  property  of  ^, 
namely,  that  it  measures  the  heat  taken  in  or  rejected  during 
constant-pressure  operations,  is  proved. 

That  i  is  unchanged  by  a  free  expansion  operation  is  obvious 
from  its  definition,  for  i  =  JJ  -\-  pv  by  definition,  and  since  JJ  -^  pv 
measures  the  whole  stock  of  energy  possessed  by  the  substance,  and 
no  work  being  done  or  heat  supplied  to  the  substance  on  the  whole 
during  a  free  expansion  operation,  the  value  of  JJ  -{-  pv  will  be 
unchanged  in  the  substance  passing  through  the  orifice,  and  hence  t 
remains  unchanged. 
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Now  consider  the  thermodynamic  function  i]/  defined  by  the 
equation 

l]/  :=  i  —   (f)T 

thus  since  from  (2) 

Tcl(f>  =  di  —  vdjj, 

or  ^(t*^)  —  ^^T  =  <^i  —  i^^P} 

or  d[i  —  t4>)  =  —  ipdr  +  vdp, 

we  get  the  result 

dif/  =  —  (ftdr  +  vdp. 

In  an  isothermal  operation  dr  =  O,  so  that 

dif/  =  vdj), 


and  between  limits 

•A: 


2   —  "Al  =  ^#5 


so  that  changes  of  i//  represent  the  work  done  in  the  compressor  if 
the  compression  is  isothermal. 

The  Paper  is  illustrated  by  7  Figs,  in  the  letterpress. 

[TJie  Discussion  on  this  Paper  was  combined  ivitJi  that  on  the  Paper 
hij  Mr.  J.  Wemyss  Anderson,  and  commences  overleaf.^ 
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Discussion  on  Friday,  llnd  November  1912. 

The  President  proposed  a  hearty  vote  of  thanks  to  the  authors 
for  their  very  interesting,  instructive  and  useful  Papers,  which  he 
hoped  would  lead  in  the  future  to  the  clearing  up  of  the  various 
difficulties  which  the  subject  presented. 

The  vote  of  thanks  was  carried  with  acclamation. 

Professor  C.  Frewen  Jenkin  (Oxford  University)  thought  all 
would  agree  with  him  in  saying  that  Mr.  Anderson's  Paper 
collected  together  a  very  useful  summary  of  the  present  practice  in 
refrigeration  in  all  its  subdivisions,  and  he  also  thought  all  would 
agree  that  Dr.  Grindley's  contribution  indicated  that  he  had  done 
a  great  deal  of  work  in  the  preparation  of  Tables  such  as  had  been 
placed  before  the  Institution  and  that  his  new  diagrams  were  very 
ingenious  and  interesting.  He  (Professor  Jenkin)  desired,  however, 
to  offer  some  perhaps  rather  severe  criticisms  on  both  Papers,  but 
he  hoped  the  authors  would  not  think  he  did  not  value  them  on 
that  account. 

He  thought  it  was  a  great  pity  that  both  authors  had  used  the 
Fahrenheit  degree  instead  of  the  Centigrade  degree.  He  was  not 
an  advocate  of  the  Continental  units ;  he  thought  they  were 
usually  quite  as  troublesome  as  British  units,  which  were  bad 
enough,  but  he  did  consider  that  the  Centigrade  degree  had  an 
enormous  advantage.  Without  adopting  the  kilogram  or  the  metre 
or  any  of  the  foreign  units  at  aU,  the  use  of  the  Centigrade  degree 
at  once  made  all  the  Continental  diagrams  similar  to  the  English 
ones.  The  Continental  diagrams  were  given  for  calories  per  kg.  of 
stuff,  that  was,  kilogram-centigrade  degrees  per  kilogram  ;  and  the 
English  diagrams  were  given  for  Ib.-degrees  per  lb.  The  result 
was  the  two  weights  cancelled  out  and  the  diagi'ams  were  identical. 
Also  the  latent  heat,  the  total  heat  I,  the  entropy  and  the  specific 
heats  were  the  same  in  EngHsh,  French,  and  German  if  the 
Centigrade  degree  was  used.  The  Fahrenheit  units  were  now 
being  omitted  from  most  of  the  books.     Ewing's  "  Steam  Engine  " 


Nov.  1912, 


REFRIGERATING   MACHINES. 


1055 


and  "  Mechanical  Production  of  Cold,"  and  the  Cambridge  Steam 
Tables,  and  Wimperis's  books  amongst  others,  were  all  in  Centigrade 
degrees,  and  he  thought  it  was  a  step  backwards  to  use  the 
Fahrenheit  degree. 

The  Paper  he  had  most  to  say  about  was  Dr.  Grindley's.  He 
thought  Dr.  Grindley's  ingenious  suggestion  was  really  almost 
impossible,  and  he  was  very  sorry  that  the  author  had  not  given 
any  hint  as  to  how  it  could  be  carried  out.  Dr.  Grindley  suggested 
that  isothermal  cooling  would  give  an  enormous  advantage.  His 
interchanger  of  heat  was  of  no  use  at  all  unless  at  the  same  time 
one  could  do  isothermal  cooling.  All  were  familiar  with  the  great 
advantages  of  isothermal  cooling  in  air-compressors.  Most  makers 
used  duplex  or  triplex  compressors,  compressing  in  stages  and 
cooling  between  as  an  approximation  to  isothermal  compression, 
but  he  had  not  heard  of  anybody  who  had  succeeded  in  compressing 
air  isothermally,  and  it  seemed  to  him  to  be  impossible.  He  had 
prepared  five  diagrams  to  show  the  difierences  in  the  cycles,  and 
what  could  be  done  and  what  could  not  be  done. 


Fig.  45. 


Fig.  46. 
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Fig.  45  was  drawn  to  the  same  scale  as  Dr.  Grindley's  and 
showed  the  three  ordinary  cycles,  and  corresponded  to  the  third 
example  in  his  Table  (page  1037). 

B  Di  F  E  was  the  wet  compression  cycle. 

BDiCGE     „     dry 

B  Di  C  H  E  was  a  special  cycle,  assuming  that  isothermal 
compression  was  possible ;  the  isothermal  compression  was 
represented  by  the  line  H  E ;  it  could  not  begin  at  C  because  the 
cooling  water  was  not  cold  enough.  This  cycle  saved  the  work 
represented  by  the  triangle  H  G  E. 

Fig.  46  showed  Dr.  Grindley's  proposed  cycle,  K  L^  C  H  E ; 
the  Hne  C  H  showing  the  effect  of  the  interchanger. 

Finally,  K  L^  C  H  G  E  showed  what  would  happen  if  isothermal 
compression  was,  as  he  believed  it  was,  impossible. 

The  results  of  these  five  cycles  were  shown  below  : — 


R 
W 

Heat  rejected. 

Relative 
Volumes. 

Cycle  1.  Wet  compression  . 

5-09 

0 

15 

2.  Dry           „               ... 

5-05 

0 

19 

3.    ,,             ,,            &  isothermali 
in  part/ 

5-45 

13*7 

19 

4.  Dr.  Grindley's  Cycle 

6-2 

24-8 

21 

5.         ,,            „          ,,  adiabatie   1 
compression/ 

5-04 

0 

21 

The  Table*  showed  that  the  interchanger  did  no  good  without 
isothermal  compression. 

The  second  column  showed  the  heat  rejected  in  the  cylinder — 
if  such  rejection  were  possible. 


*  The  comparison  of  the  volumes  of  the  cylinders  made  in  the  foregoing 
Table  was  not  quite  fair  to  Dr.  Grindley.  The  cylinder  volimaes  should  be 
compared  "  per  unit  refrigeration."  On  this  basis  Dr.  Grindley's  cycle  would 
be  the  best. 
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The  third  column  showed  the  relative  volumes  of  the  cylinders 
per  pound  of  refrigerant. 

The  larger  size  of  Dr.  Grindley's  compressor  was  a  serious 
disadvantage.  He  would  be  glad  if  Dr.  Grindley  would  make 
some  suggestion  as  to  how  isothermal  compression  could  be  cai'ried 
out ;  it  would  be  of  great  value  not  only  in  connection  with 
refrigerating  machines,  but  in  connection  with  many  other  types 
of  machine. 

Turning  to  Mr.  Anderson's  Paper,  he  noticed  on  page  1000  the 
author  did  not  include  Question  g ;  he  only  spoke  of  it,  but  he 
(Professor  Jenkin)  thought  it  was  a  most  important  matter.  It 
referred  to  the  need  of  accurate  data  for  the  refrigerants ;  it 
appeared  to  him  of  very  great  importance  that  accurate  data 
should  be  obtained.  He  had  himself  been  working  for  more  than 
a  year  on  COg,  and  had  extended  the  range  of  the  data  available 
from  —  30°  C.  down  to  —  50°  C,  and  he  beheved  he  had  corrected 
a  good  many  small  errors  and  had  obtained  more  accurate  figures 
than  were  given  by  Dr.  MolHer,  but  of  course  he  could  not  place 
them  before  the  members  that  night. 

Mr.  Gardner  T.  Yoorhees  (Member,  American  Society  of 
Mechanical  Engineers)  said  he  considered  it  an  honour  to  be 
invited  to  speak  on  the  two  Papers  that  had  just  been  read.  He 
had  very  little  criticism  to  make  on  Mr.  Anderson's  Paper,  except 
that  he  might  say  a  word  or  two  in  regard  to  American  practice. 
In  the  first  place,  in  America  an  absorption  machine  would  in  every 
case  hold  its  own  with  a  compression  machine — at  least,  as  the 
latter  was  at  present  constructed.  The  question  of  the  relative 
values  of  wet  and  dry  compression  was  dealt  with  rather  vaguely 
in  the  Paper,  but  as  that  matter  was  to  come  up  at  a  meeting  of 
the  Cold  Storage  Association  in  December  he  would  not  touch  on 
it  at  that  moment.  In  the  United  States  it  was  not  considered 
wise  to  superheat  the  vapour  above  the  temperature  of  the 
refrigerator ;  if  one  did  so  the  capacity  fell  ofi*.  It  was  usually 
found  that  if  as  much  heat  as  possible  was  taken  out  from 
the  vapour,  the  compressor  did  not  do  as  much  work  as  it 
otherwise  would  do. 
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He  wished  to  refer  to  a  matter  which  he  had  noticed  in  all 
works  and  Papers  on  refrigerators.  On  page  1021,  Mr.  Anderson,  in 
calculating  the  capacity  of  the  compressor,  came  down  from  550  to, 
say,  450  B.Th.TJ.  net  under  certain  conditions  which  were  referred 
to  in  the  Paper,  one  of  the  most  important  of  which  was  the 
amount  of  vapour  formed  as  the  liquid  passed  the  expansion- valve. 
But  one  very  important  item  that  was  not  mentioned  in  the  Paper 
was  the  converse  of  what  happened  in  the  steam-engine.  It  was 
well  known  that,  in  operating  a  steam-engine,  the  steam  consumption 
which  should  be  obtained  according  to  the  indicator-card  was  not 
obtained.  There  was  a  great  deal  of  loss  due  to  the  cylinder 
condensation,  and  that  cylinder  condensation  was,  at  any  rate  with 
saturated  steam,  a  direct  function  of  the  difference  between  the 
temperature  of  inlet  and  outlet  steam,  that  is,  the  temperature  of 

'  the  steam  coming  in  and  the  temperature  of  the  steam  of  the 
exhaust.  "With  the  compressor  just  the  reverse  took  place,  and  for 
exactly  the  same  reason — that  there  was  a  certain  amount  of 
cylinder  superheating  which  took  place.  The  gas  coming  in  from 
the  refrigerator  was  superheated,  and  therefore  was  not  so  dense  as 
it  should  be,  did  not  weigh  as  much  as  it  should,  and  it  was  also  a 
function  in  the  difference  in  the  temperatui-e  of  gas  discharged  and 
the  temperature  of  gas  sucked  in  to  the  compressor.  That  brought 
him  to  the  question  of  volumetric  eflS.ciency.  It  was  stated  in  the 
Paper  that  the  one  pound  of  NH3  vapour,  under  suction  pressure 
given,  occupied  9  •  1  cubic  feet.  Actually,  it  was  not  9  •  1  cubic  feet, 
but  a  good  deal  more.  In  fact,  for  the  particular  conditions 
mentioned,  the  volumetric  efficiency  of  the  compressor  was  85  per 
cent,  and  not  100  per  cent,  as  stated.     In  other  words  the  figures 

•given,  if  it  was  presumed  the  other  allowances  should  hold,  would 
have  to  be  increased  in  that  ratio,  or  by  17^  per  cent. — quite  a 
perceptible  factor. 

He  had  been  greatly  interested  in  Dr.  Grindley's  Paper.  He 
himself  had  spent  a  considerable  time  in  translating  Mollier's  metric 
figures  into  English  figures  and  making  a  diagram,  and  he  knew 
how  many  hours  of  tedious  and  hard  work  it  meant.  As  he  had 
pointed  out  in  an  article  which  was  published  recently  in  some  of 
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the  British  papers,  it  was  impossible  for  any  refrigerating  engineer 
to  work  out  satisfactorily  or  analyse  any  problem  on  a  CO2  machine 
without  the  use  of  MoUier's  diagram — a  diagram  which  Dr.  Grindley 
had  translated  into  English  units  and  put  inhis  Paper.  In  addition, 
Dr.  Grindley  had  published  a  very  valuable  ammonia  diagram,  and 
some  extremely  valuable  new  diagrams  which  must  have  required  an 
enormous  amount  of  labour.  He  had  made  a  few  notes  on  the  new 
system  that  Dr.  Grindley  had  proposed  in  the  Paper  for  utilizing 
some  of  the  cold  or  taking  out  some  of  the  heat  in  the  liquid  coming 
from  the  condenser  to  the  refrigerator,  but  Professor  Jenkin  had 
anticipated  much  of  what  he  intended  to  say.  Taking  the  average 
case — the  same  that  Dr.  Grindley  took,  10°  F.  and  an  82^°  F. 
condenser  for  COo,  as  given  on  page  1037,  the  fifth  line  of  the  Table 
— it  would  be  found  (and  although  Dr.  Grindley  did  not  give  the 
figure  it  could  be  arrived  at  by  dividing  R2  by  Rj)  that  37  per  cent, 
more  refrigeration  was  obtained,  and  43  per  cent,  more  performance. 
That  was  put  forward  as  showing  the  theoi*etical  advantage  of  the 
new  system.  He  (Mr.  Voorhees)  believed,  however,  that  in  practice 
it  would  be  impossible,  except  with  an  unpractical  slow-speed 
compression  or  an  unpractical  small  bore  and  long  stroke,  to  transmit 
the  heat  of  compression  through  the  cylinder  wall  to  the  jacket- 
water — to  water  of  the  same  temperature  as  the  condenser ;  and 
therefore  in  practice  adiabatic  compression  instead  of  isothermal 
compression  would  result.  In  other  words,  he  did  not  think 
isothermal  compression  could  be  obtained,  but  that  the  compression 
would  follow  the  adiabatic  line  almost  to  the  very  last  eighth  of 
the  stroke. 

Referring  to  Mollier's  diagram  (page  1044),  he  had  applied  the 
following  conditions  to  it.  A  practical  exchanger  would  exchange 
heat  from  the  liquid  to  the  vapour,  say,  to  within  1 2^"^  of  the  hottest 
liquid,  which  would  give  70°  vapour  to  the  condenser.  That  would 
cool  the  liquid  to  68°,  and  showed,  by  the  same  diagram,  28  per  cent, 
more  refrigeration ;  but  also  by  the  same  diagram  it  required  35 
per  cent,  more  power,  and  obviously  no  gain  resulted,  but  a  loss. 
As,  however,  the  vapour  entered  the  compressor  at  70°  in  place  of 
0°,  and  as  the  compressor   discharged,  for   the  same   diagi-am,  at 
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222°  in  place  of  155°,  it  was  evident  that  in  the  first  place  the  gas 
was  less  dense  and  therefore  took  up  more  volume  for  the  same 
weight ;  and,  secondly,  there  was  a  greater  difierence  in  temperature 
of  the  discharge  gas  from  the  compressor  and  the  inlet  gas  to  the 
compressor.  Therefore  the  volumetric  efficiency  of  the  compressor 
would  be  less,  and  the  compressor  had  to  be  larger.  He  estimated 
an  18  per  cent,  larger  compressor  would  be  necessary,  which  of 
course  increased  the  power  required  in  the  same  ratio,  from  35 
to  41  per  cent. — that  was,  41  per  cent,  more  power  than  the  old 
method.  Comparing  the  refrigeration  and  power  in  the  old  and 
new  methods,  he  found  that  the  performance  of  the  compressor  would 
be  20  per  cent,  less ;  that  was  to  say,  thermal  units  extracted  from 
the  refrigerator,  divided  by  the  thermal  units  exei^ted  in  the 
compressor  in  the  COo  machine,  would,  he  believed  (taking  the 
figures  in  the  fairest  way  and  taking  figures  which  he  had  used 
and  on  which  he  had  predicted  results  which  came  out  almost 
substantially  as  he  had  predicted)  come  out  20  per  cent,  less  in  the 
new  system.  That  was  not  due  to  any  defect  in  the  theory.  The 
theory  was  all  right  so  far  as  it  went,  but  it  did  not  take  into 
account  the  volumetric  efficiency  and  the  increase  in  bulk  of  the  gas, 
and  so  forth.  As  the  NH3  compressor  should  be  theoretically  less 
helped  by  the  new  process  than  the  CO2  compressor,  it  seemed  that 
in  practice  a  loss  in  the  performance  of  NH3  compressors  would  also 
always  result  from  the  new  process.  A  further  reason  why  a  loss 
would  result,  in  addition  to  what  he  had  stated,  was  that  one  could 
make  an  exchanger  where  the  vapour  from  the  refrigerator  did  not 
pass  through  a  pipe  surrounding  the  liquid  pipe  ;  it  could  be  passed 
round  the  pipe  in  such  a  way  as  not  to  have  so  much  friction ;  yet 
there  would  be  a  tendency  for  friction  to  occur  between  the 
evaporator  and  the  compressor,  which  did  not  at  present  exist,  which 
would  still  further  reduce  the  suction  pressure,  and  therefore  reduce 
still  further  the  capacity  of  the  compressor  below  the  figures 
stated. 

Mr.    F.    A.  WiLLCOX    (Dartford)    said    that   his   firm    (Messrs. 
J.    and    E.    Hall,    Ltd.)    regretted    that    they    were    unable    to 
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supply  Mr.  Anderson  with  information  as  to  the  machines  they 
manufactured  and  their  practice  in  refrigeration,  owing  to  great 
pressure  of  work  at  the  time. 

Keferring  to  the  Paper,  on  page  950  the  following  passage  was 
found :  "  The  *  enormous  progress '  has,  however,  been  more  of  a 
commercial  nature  than  a  scientific  one ;  indeed,  no  branch  of 
mechanical  science  has  received  less  aid  in  this  country  from 
research  or  from  published  accounts  of  practical  progress  than  that 
of  mechanical  refrigeration."  This  was  followed  by  a  statement  of 
the  fields  of  possible  research.  These  remarks  of  the  author  were 
astonishing,  and  he  (Mr.  Willcox)  found  it  difficult  to  imagine  on 
what  evidence  they  were  founded.  It  seemed  to  him  that  such  a 
statement  could  only  be  the  result  of  a  lack  of  knowledge  of  what 
was  going  on  in  the  large  establishments,  which  devoted  their 
energies  to  the  manufacture  of  installations  for  the  purpose  of 
mechanical  refrigeration.  It  would  be  of  interest  if  Mr.  Anderson 
would  explain  how  he  differentiated  between  progress  of  a 
commercial  nature  and  progress  of  a  scientific  nature.  Any 
development  which  resulted  in  the  appUcation  of  natural  laws  to 
the  service  of  man  was  a  scientific  development,  and  it  was  none  the 
less  scientific  because  it  happened  to  be  of  commercial  value.  Did 
the  author  mean  to  contend  that  the  labour  and  thought  involved 
in  developing  the  multifarious  applications  of  refrigerating 
machinery  in  the  industries  of  the  country  were  not  of  a  scientific 
nature  because  the  applications  were  of  benefit  to  commerce,  and 
would  he  ask  the  members  of  the  Institution  to  believe  that  the 
development  of  the  use  of  refrigerating  machinery  for  the 
transport  of  perishable  produce  over  long  distances  had  been 
achieved  without  the  aid  of  scientific  knowledge  and  without  the 
use  of  scientific  methods?  If  so,  he  was  afraid  he  would  have 
great  difficulty  in  persuading  a  body  of  practical  engineers  to 
accept  his  view.  These  great  developments  had  been  achieved 
by  the  combined  eS'orts  of  the  users,  consulting  engineers,  and 
manufacturers  engaged  in  the  industry,  and  he  had  no  hesitation 
in  asserting  that  they  were  of  a  scientific  nature. 
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Speaking  of  his  own  firm,  whose  energies  had  been  principally 
devoted  to  the  development  of  the  CO2  machine  and  its  application 
for  the  purposes  of  refrigeration  in  marine  and  land  practice,  he 
would  say  that  the  machine,  when  they  first  came  in  contact  with 
it,  was  of  the  laboratory  type,  and  a  very  large  amount  of  time, 
labour,  expense,  and  scientific  thought  and  investigation  had  to 
be  expended  upon  it  before  it  was  converted  into  a  practical 
machine.  They  did  not  rest  there  ;  the  theoretical  possibilities  of 
the  machine  were  thoroughly  investigated,  and  investigations 
were  undertaken  to  determine  to  what  extent  it  was  advisable 
to  modify  the  machine  with  a  view  to  improving  the  coefl&cient  of 
performance,  always  keeping  before  them  the  two  following  points : 
(1)  That  a  refrigerating  machine  must  be  absolutely  reliable 
under  all  circumstances.  The  failure  of  a  machine  would  involve 
such  serious  loss  that  any  modification  introduced  for  improving 
the  coefl&cient  of  performance,  which  would  adversely  afi"ect  the 
reliability,  would  not  be  justified.  (2)  Since  the  machines  had 
to  work  under  conditions  and  in  situations  where  they  did  not 
receive  highly-skilled  attention  and  where  it  was  impossible  to 
obtain  immediate  aid  in  case  of  breakdown,  they  must  be  simple 
in  operation.  Pursuing  this  object,  they  had  carried  out  trials  of 
the  following  nature  : — 

(1)  Cooling  the  liquid  as  it  left  the  condenser,  by  allowing  it 
to  run  into  a  receiver  and  by  evaporating  part  of  it  into  an  auxiKary 
compressor  or  one  end  of  a  compressor  according  to  the  system 
devised  by  Professor  Windhausen.  These  trials  were  carried  out  in 
conjunction  with  Professor  Windhausen.  The  same  principle  had 
recently  been  brought  forward,  in  which  the  gas  from  the  receiver 
was  admitted  into  the  main  compressor  by  means  of  a  mechanically 
operated  valve  or  by  using  a  compressor  with  circumferential  ports 
at  the  end  of  the  stroke. 

(2)  Compound  compression  with  intercooling  between  the  two 
stages. 

(3)  Compound  compression  with  a  suction  interchanger,  in 
which  the  liquid  flowing  from  the  condenser  was  cooled  by  the 
gas  passing  from  the  evaporator  to  the  compressor. 
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(4)  The  ordinary  machine  fitted  with  an  expansion  cylinder. 

(5)  The  ordinary  machine  working  under  all  practical  ranges 
of  temperature. 

As  a  result  of  their  investigations,  his  firm  continued  to 
manufacture  the  machine  in  its  simple  form.  He  would  point 
out  that  investigations  on  the  use  of  the  expansion  cylinder,  and 
he  believed  on  other  methods  of  liquid  cooling,  were  carried  out 
by  Kramer  of  Augsberg,  who,  he  thought,  was  connected  with 
Messrs.  Riedinger,  and  they  still  continued  to  manufacture 
machines  on  the  same  lines  as  Messrs.  J.  and  E.  Hall.  Beyond 
these  investigations  they  had  recently  carried  out  an  extensive 
series  of  trials  of  ammonia-compression  machines  under  all  practical 
ranges  of  temperature.  These  trials  were  begun  some  weeks 
before  the  Papers  by  Messrs.  Tegelmeyer  and  Shipley  on  "  Wet  and 
Dry  Compression  "  were  read  at  the  last  meeting  of  the  Association 
Internationale  du  Froid,  and  the  results  obtained  indicated  quickly 
that  there  was  some  advantage  to  be  obtained  by  working  the 
machine  with  the  discharge  gas  superheated,  over  the  method  then 
in  general  practice  of  maintaining  the  temperature  of  this  gas  at 
the  outlet  temperature  of  the  circulating  water. 

Turning  to  the  question  of  cold  storage  to  which  the  author 
referred,  about  two  years  ago  Messrs.  J.  and  E.  Hall  put  down  at 
the  Pathological  Laboratory  of  the  University  of  Cambridge  an 
installation  by  means  of  which,  in  conjunction  with  Professor 
Sims-Woodhead,  they  had  carried  out  a  number  of  experiments 
on  the  preservation  of  chilled  beef,  paying  special  attention  to 
bacteriological  action  and  the  effect  of  temperature  and  preservative 
agents.  Further,  in  conjunction  with  some  Australian  friends, 
investigations  had  been  made  on  defrosting  frozen  meat.  At  the 
present  time  in  conjunction  with  Sir  Charles  Parsons  they  were 
making  investigations  of  another  character  in  connection  with  this 
industry. 

He  had  referred  to  the  work  of  his  own  firm  because  with 
regard  to  this  he  had  positive  evidence,  but  it  was  quite  apparent, 
from  the  class  of  installation  of  other  manufacturers  and,  he  thought, 
common  knowledge,  that  they  had  made  investigations  which  had 
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been  of  great  value  in  the  development  of  the  industry.  The  author 
stated  (page  999)  that  "  British  refrigerating  machinery  by  the 
leading  makers  is  quite  in  keeping  with  the  best  traditions  of 
the  British  engineer,  but  it  would  be  idle  to  contend  that  the 
machines  and  their  method  of  working  are  not  capable  of 
improvement."  Of  coiirse,  English  manufacturers  would  appreciate 
the  acknowledgment  that  their  engineering  practice  was  up  to  the 
best  British  standard,  and  all  of  them  would  agree  with  the  author 
that  finality  in  the  development  of  the  machine  had  not  been 
reached;  but  he  (Mr.  Willcox)  most  strongly  contended  that  the 
scientific  progress  made  by  British  manufacturers  was  as  great  as 
the  progress  made  by  manufacturers  in  any  other  country.  On 
the  Continent  they  found  that  such  firms  as  Linde,  Sulzer,  Esoher 
Wyss,  Borsig,  and  many  others  had  been  working  on  these 
machines  for  many  years  and  with  the  result  that  their  practice 
was  identical  with  that  of  British  manufacturers.  The  same  might 
be  said  of  the  United  States  of  America,  where  probably  more 
machines  were  constructed  and  in  use  than  in  any  other  country. 

Mr.  Anderson  defined  two  outstanding  wants  in  refrigeration : 
(1)  A  standard  unit  of  refrigeration;  (2)  A  standard  machine  of 
comparison.  He  understood  that  the  object  of  satisfying  these 
wants  would  be  to  benefit  the  manufacturer  and  user.  In  the 
speaker's  opinion  these  wants  were  not  experienced  by  either  party, 
and  any  attempt  to  make  these  definitions  would  be  of  no  practical 
value.  It  was  his  firm's  experience  that  they  seldom  obtained  two 
inquiries  alike :  one  might  be  to  make  so  much  ice  under  one  set 
of  conditions,  another  to  make  it  under  diflPerent  conditions,  another 
to  cool  stores  and  make  ice  in  addition,  and  so  forth,  and  the 
machine  and  plant  had  to  be  separately  estimated  for  each  inquiry. 
It  would  be  an  improvement  if  the  term  "  ton  of  refrigeration " 
were  abolished  and  English  speaking  manufacturers  defined  the 
capacity  of  their  machines  in  the  same  manner  as  was  done  by 
Continental  manufacturers,  that  is,  by  stating  the  number  of 
frigories  extracted  between  given  limits  of  temperature. 

Referring  to  the  items  of  research  recommended  (page  1000)  : 
(a)   The  Eelatice  Efficiencies  of  the  principal  Befrigerants  at  varying 
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Temperatures. — Most  of  the  large  manufacturers  now  made  both 
CO2  and  NH3  machines  and  some  made,  in  addition,  SO2  machines, 
and  they  were  well  aware  of  what  each  machine's  capabilities  were. 
It  was  admitted  that  there  was  a  field  for  the  application  of  each 
type  of  machine,  and  it  was  somewhat  difficult  to  see  what  useful 
purpose  would  be  served  by  this  Institution  expending  its  funds  in 
this  direction. 

(h)  The  Advantages  and  Disadvantages  of  both  Wet  and  Dry 
Compression. — Since  Mr.  Anderson  had  prepared  his  Paper, 
Tegelmeyer  and  Shipley  had  both  read  important  Papers  on  this 
subject ;  and  from  the  experience  gained  in  his  own  firm's 
investigations,  he  would  agree  with  Tegelmeyer  that  it  was 
sometimes  advantageous  to  work  on  one  system,  sometimes  on 
the  other. 

(c)  The  Value  of  Compound  Compression. — In  this  country  the 
Linde  British  Refrigeration  Co.  and  Messrs.  Haslam  had  long 
made  machines  on  this  system,  and  presumably  had  quite  satisfied 
themselves  as  to  what  the  advantages  were.  On  the  Continent 
Messrs.  Sulzer  and  other  makers  (he  believed)  had  also  made 
machines  on  this  system  which  had  been  described  in  technical 
journals. 

(d)  Charge  of  Gas. — This  was  essentially  a  matter  for  practice, 
and  he  would  say  that  all  manufacturers  knew  what  the  efiect 
was.  Generally  speaking,  an  increased  charge  or  an  overcharge 
within  limits  increased  the  output  and  the  power  required  in  the 
same  proportion. 

(e)  The  Value  of  Cooling  the  Liquid  Refrigerant  by  the  Evaporator 
before  Expansion. — His  firm  had  made  trials  on  these  lines  and  had 
found  no  practical  advantage.  He  believed  that  trials  had  also 
been  made  in  Germany,  and  as  the  system  was  never  used, 
presumably  their  results  had  been  the  same.  The  system  involved 
an  expensive  complication,  and  it  could  only  be  justified  if  it 
efi'ected  a  substantial  improvement  in  the  performance  of  the 
machine,  which  was  not  his  firm's  experience. 

(f)  Deterioration  of  Refrigerant. — As  regards  COo,  they  had 
never    had    the    question    raised,    and    they    had    now    supplied 

4  D  2 


1066  REFRIGERATING    MACHINES.  Xov.  1912. 

(Mr.  F.  A.  WiUcox.) 

considerably  more  than  3,000  machines.     As  regai^ds  NH3,  he  had 
heard  it  stated  by  one  engineer   having  charge  of   several  large 
plants  in  Australia  that  deterioration  did  take  place,  and  it  was 
asserted  by  one  of  their  staff  that  the  gas,  if  at  high  temperature, 
decomposed  into  hydrogen  and  nitrogen  so  that  it  could  be  ignited. 
Speaking  from   his   own    experience,   after   a   machine   had   been 
running  continuously  for  some  three  months,  and  for  a  considerable 
part  of  the  time  with  condenser  water  over  90°  F.,  he  fixed  a  Davy 
lamp  arrangement  on  a  cock  on  a  discharge  pipe  of  the  compressor, 
and  while  the  gas  was  leaving  the  compressor  at  a  temperature  of 
300°  F.  he   applied  a   light  with    the  result   that   the   light  was 
extinguished.     This  did  not  prove  that  deterioration  did  not  take 
place,  but  the  only  way  to  make  an  investigation  of  this  sort  was 
on  a  fairly  large   plant   in    constant  operation,  and    from   which 
samples  of  gas  and  Kquid  could  be  taken  at  intervals  and  carefuUy 
analysed.     The  Paper  was  of  undoubted  interest,  but  it  seemed  to 
the  speaker  to  be  a  pity  that  the  author  considered  it  necessary  to 
make  a  remark  which  cast  an  unmerited  reflection  upon  those  in 
this  country  who  had  been  concerned  in  the  development  of  this 
great  industry. 

Mr.  J.  T.  Milton  desired  to  thank  Mr.  Anderson  for  having 
sent  to  him,  as  the  President  of  the  Cold  Storage  and  Ice 
Association,  an  invitation  to  be  present  that  evening.  The 
invitation  arrived  while  he  was  abroad,  and  as  he  had  not  been 
home  very  long,  he  had  not  been  able  to  ascertain  the  views 
of  the  Cold  Storage  and  Ice  Association.  But  he  felt  certain 
that  if  the  Institution  of  Mechanical  Engineers  did  appoint  a 
Committee  of  Research,  and  in  that  way  carry  on  similar  work 
to  that  which  they  had  so  usefully  done  in  other  branches  of 
Engineering,  the  Cold  Storage  and  Ice  Association  would  be  very 
pleased  to  nominate  some  one,  if  invited  to  do  so,  to  represent 
the  users. 

Mr.   R.    J.   Cracknell   desired   to   refer  to   the   criticism   of 
Mr.   Anderson    with    regard    to    the   absorption   machine.      Mr. 
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Anderson     said     that    that    machine    could    not    hope    to    hold 
its   own   against  the   compression  machine.     He    (Mr.    Cracknell) 
would    give    certain    results    that    had    been    obtained   with    the 
absorption   machine,  which    would    show    that    that    was    by    no 
means  the   case.     The   absorption    machine  would  produce  a  ton 
of   ice   per   day   with   48   lb.    of   steam   per    hour,    including   the 
power  for   all  auxiliaries.     In  an  ice  factory  on  the  compression 
system  the  power  required,  including   power   for  auxiliaries,  was 
never  less  than  3  h.p.  per  ton  of  ice,  and  was  sometimes  as  much  as 
4  h.p.     Taking  an  ice  factory,  say  from  20  to  50  tons  ice-making 
capacity,  and  assuming  a  horse-power  of  3^  per  ton  of  ice  (the  total 
power  was  often  50  per  cent,  greater  than  the  actual  power  required 
by  the  compressor),  and  assuming  in  such  a  case  that  the  power 
was  provided  by  a  compound  condenser  engine  using  16  lb.  of  steam 
per  h.p.,  the  steam  consumption  would  be  56  lb.  per  ton  of  ice  as 
against  48  in  the  case  of  the  absorption  machine.     In  a  20-ton  ice 
factory  recently  erected  by  his  firm  (Messrs.  Kansomes  and  Kaplers) 
in  Holland  on  the  absorption  system,  a  test  showed  it  was  capable 
of  making  15 J  tons  of  ice  per  ton  of  coal.       In   that  figure  was 
included  power  for  all  the  auxiliaries,  and  for  driving  a  dynamo 
for  electric  light  and  for  supplying  power  to  an  adjoining  workshop. 
In  the  first  six  months'  running  of  that  plant,  taking  the  total  ice 
made  and  total  coal  used  and  allowing  for  stoppages  on  Sundays, 
the  result  showed  14  tons  of  ice  per  ton  of  coal.     For  that  same 
plant  several  Continental  manufacturers  of  compression   machines 
quoted  prices,  and  the  highest  guarantee  was  given  by  a  leading 
German  firm,  namely,  13  to  1. 

He  might  also  mention  two  instances  where  absorption  machines 
had  been  installed  during  the  past  year  in  ice  factories,  which  had 
hitherto  been  on  the  compression  system.  The  compressors  were 
shut  down  and  the  engine  run  to  drive  the  auxiliaries,  the  exhaust 
going  to  the  generator  of  the  absorption  machine.  In  both  cases 
a  very  large  saving  of  coal  had  resulted.  Those  instances  were,  he 
thought,  sufficient  to  show  that  the  absorption  machine  could  more 
than  hold  its  own.  Of  course  ia  cases  where  exhaust  steam  was 
available,  as  suggested  by  the  author  of  the  Paper,  no  question  of 
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competition  would  arise,  as  with  the  absorption  machine,  results 
could  be  obtained  which  were  not  possible  in  any  other  way. 


Discussion  on  Friday,  20th  December  1912. 

Captain  H.  Riall  Saxkey  (Member  of  Council)  desii'ed  to  call 
attention  to  Appendix  II  (page  1003)  of  Mr.  Anderson's  Paper, 
where  the  principles  of  refrigeration  were  set  out  in  comparatively 
simple  differential  equations.  He  looked  upon  this  Appendix  as  a 
most  excellent  example  of  the  use  of  combined  analytical  and 
graphical  methods,  and  he  thought  the  author  was  to  be 
congratulated  on  the  way  in  which  he  had  treated  that  part  of 
the  subject.  The  differential  equations  could  be  solved,  but  then 
they  became  exceedingly  long  and  cumbrous  expressions  which 
very  few  could  readily  follow.  But  when  they  were  put  in  a 
graphical  form  quite  a  simple  Figure  was  obtained,  such,  for 
instance,  as  Fig.  35  (page  1013).  The  curved  and  straight  lines  in 
that  Figure  were  the  gi-aphical  analogues  of  the  long  and  cumbrous 
expressions  mentioned  above. 

As  an  example  of  the  simplicity  of  graphical  solutions,  he  would 
refer  to  Fig.  46  (page  1055),  drawn  by  Professor  Jenkin,  which  was 
partially  reproduced  in  Fig.  47.  The  curve  represented  the  6  <p 
chart  for  CO2  ;  t^  was  the  higher  temperature  and  Tj  was  the  lower 
temperature.  Dr.  Grindley  was  desirous  of  compressing  isothermaUy, 
that  is,  from  H  to  E,  in  order  to  improve  the  "  coefficient  of 
performance  "  of  the  cycle.  But  Professor  Jenkin  pointed  out  that 
in  practice  the  compression  would  probably  be  adiabatic,  that  is, 
along  H  G,  requiring  a  large  amount  of  work,  so  that  the  cycle  would 
practically  not  be  so  efficient  as  the  one  now  in  use.  If,  however, 
the  compression  were  done  in  two  stages  with  intercooling,  there 
would  be  adiabatic  compression  up  to  the  point  O ;  then  cooling 
at  constant  pressure  along  O  P,  followed  by  adiabatic  compression 
along  P  K,  and  cooling  at  constant  pressure  along  K  E,  and  the 
work  represented  by  the  area  K  G  O  P  would  be  saved.     If  the 


Dkc.  1912. 


REFRIGERATING   MACHINES. 


1069 


compression  were  carried  out  in  three  stages  with  intercooUng, 
then  a  diagram  like  H  Q  R  S  T  V  E  was  obtained,  showing  a  further 
saving  in  work ;  and  obviously,  with  an  infinite  number  of  stages, 
isothermal  compression  along  H  E  was  obtained. 

With  reference  to  the  rating  of  refrigerating  machines,  it 
seemed  to  him  that  the  difficulty  pointed  out  by  Mr.  Anderson 
was  the  same  as  that  which  occurred  in  connection  with  steam- 
engines  when  the  performance  was  compared  by  the  number  of 
pounds  of  steam  required  for  the  feed.  In  the  case  of  the  steam- 
engine,  that  was   not   a    true   comparison,  because  the  pounds   of 


Fig.  47. 
Compare  Fig.  46. 


steam  did  not  necessarily  contain  the  same  amount  of  heat,  and 
that  was  particularly  true  if  superheated  steam  were  used.  The 
Committee  of  the  Institution  of  Civil  Engineers  on  Engine  and 
Boiler  Trials  adopted  a  term  called  the  "  equivalent  feed " ;  a 
factor  was  obtained  depending  on  the  steam  conditions  by  which 
the  actual  feed  was  to  be  multiplied,  and  thus  the  equivalent  feed 
was  obtained.  This  factor  was  the  ratio  of  the  heat  supply  to  the 
steam,  reckoned  from  the  exhaust  temperature  divided  by  1,100. 
For  example,  if  the  actual  feed  was  8*9  lb.  with  superheated 
steam,  the  factor  might  be  1*2,  and  hence  the  "  equivalent  feed  " 
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would  be  8*9  x  1*2  =  10-68:  and  that,  compared  with  a  saturated 
steam-engine  using  12 J,  would  be  the  real  comparison  and  not 
the  8' 9  as  compared  with  12 '5. 

As  regards  the  standard  of  comparison,  it  seemed  to  him  that 
two  criteria  were  wanted ;  the  first,  being  for  the  user  who  desired 
to  know  what  the  cost  of  running  his  machine  would  be  when 
cooling  a  certain  amount  of  liquid,  and  that  cost  must  include  all 
losses  due  to  subsidiary  machinery,  leakages,  conduction,  and  so 
forth.  That  measure  corresponded  to  the  number  of  pounds  of  coal 
burnt  per  "  kw.-hour  sold,"  a  general  expression  used  in  the  case 
of  a  central  electric  station.  But  the  engineer  also  wanted  a 
standard  of  comparison,  and  what  was  that  standard  to  be  ?  It 
was  generally  taken  as  the  Carnot  cycle,  or  rather  the  reversed 
Carnot  cycle;  but  Mr.  Anderson  had  shown  (page  1016)  that  the 
true  cycle  for  a  compression  machine  was  the  inverted  Rankine  cycle, 
and  at  the  bottom  of  the  page  he  gave  the  coefficiency  of  performance 
as  8*2.  The  Carnot  cycle  between  the  same  temperatures,  namely, 
528°  F.  absolute  and  474°  F.,  had  a  coefficiency  of  performance  of 
8 '8,  or  approximately  the  Rankine  cycle  was  about  7  per  cent, 
less  efficient  than  the  Carnot.  On  page  1018  the  coefficient  of 
performance  for  dry  compression,  that  is,  with  superheat,  was  shown 
to  be  7*12,  but  the  Carnot  cycle  for  the  range  of  temperature 
between  AE  and  BC  on  Fig.  37  (page  1017)  gave  a  coefficient  of 
performance  of  8*8  as  before,  the  temperature  being  the  same. 
If  the  extreme  I'anges  of  temperature  were  taken,  that  is,  the 
superheated  temperature,  which  was  worked  out  by  the  author  as 
682°  F.,  then  the  coefficient  of  performance  became  2*28.  The 
coefficients  of  performance  depended,  therefore,  very  greatly  on 
the  ranges  of  temperature  that  were  taken.  "Which  of  them  was 
to  be  selected  for  a  standard  ? 

In  his  opinion  the  requirements  for  a  standard  were:  (1) 
that  the  cycle  of  operations  should  be  as  nearly  as  might  be  that 
of  the  actual  machine,  having  reference  to  the  substance  in  use ; 
(2)  the  standard  should  be  free  from  all  losses ;  (3)  the  data  for 
computing  the  standard  should  be  easily  ascertained  by  simple 
measurement ;  (4)  the  expression  for  the  coefficient  of  performance 
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must  be  a  simple  one.  The  first  condition  and  the  third  and 
fourth  were  antagonistic ;  the  standard  would,  therefore,  have  to 
be  a  compromise,  and  it  seemed  to  him  that  the  only  satisfactory 
way  would  be  to  entrust  the  matter  to  a  committee. 

In  conclusion,  he  would  ask  Mr.  Willcox,  who  spoke  on  the 
last  occasion,  whether  he  could  not  give  some  information  as  to 
the  results  obtained  in  the  extended  experimental  work  that  had 
been  carried  out  by  his  firm  at  Dartford.  The  object  of  the 
discussions  at  the  Institution  was  to  obtain  information  from  the 
members  and  from  visitors.  A  mere  recital  of  experimental 
work  done,  without  giving  any  information  as  to  results  obtained, 
did  not  help  very  much. 

Mr.  G.  T.  Harrap  thought  the  two  Papers  were  of  a  most 
interesting  character  and  dealt  with  a  subject  which  had  not  been 
discussed  for  a  considerable  length  of  time.  Dr.  Grindley's 
contribution  to  the  theory  of  Refrigerating  Machines  was  a 
valuable  exposition  of  the  question,  but  he  looked  at  it  from  his 
own  point  of  view.  During  the  sixteen  years  he  (Mr.  Harrap) 
was  editor  of  Ice  and  Gold  Storage  there  had  been  placed  before 
him  at  times  for  publication  a  number  of  diagrams  of  a  similar 
character  to  those  shown  in  the  Paper,  and  as  he  had  to  test 
them  he  quite  appreciated  the  enormous  amount  of  labour  the 
author  must  have  performed  in  producing  such  very  excellent 
diagrams.  The  result,  however,  did  not  quite  coincide  with  the 
ideas  the  author  had  in  view,  namely,  that  by  precooHng  so  much 
advantage  was  to  be  obtained.  The  idea  of  precooling  was  not 
new  by  any  means ;  and,  although  on  special  occasions  it  was 
used  at  the  present  time,  he  knew  of  no  invention  brought  out 
during  the  last  thirty  years  in  connection  with  the  matter  which 
was  now  in  use.  The  efiectiveness  of  applications  was  dependent 
upon  the  economy  of  the  entire  system.  It  was  of  no  advantage 
to  say  that,  from  one  particular  portion  of  the  system,  economy  could 
be  obtained  if  it  was  lost  in  another.  Hence,  precooling  was  not 
used  nowadays.  At  the  same  time  it  must  be  acknowledged  that 
Dr.  Grindley's  efibrts  had  produced  some  very  valuable  diagrams 
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that  had  not  been  available  before,  and  there  was  no  doubt  that 
for  educational  purposes  they  would  be  of  considerable  value. 

"With  regard  to  Mr.  Anderson's  Paper,  he  was  equally  struck 
with  Mr.  Willcox  by  the  remarks  made  in  the  second  paragraph 
at  the  top  of  page  950  :  "  The  '  enormous  progress '  has,  however, 
been  more  of  a  commercial  nature  than  a  scientific  one ;  indeed,  no 
branch  of  mechanical  science  has  received  less  aid  in  this  country 
from  research  or  from  published  accounts  of  practical  progress  than 
that  of  mechanical  refrigeration."  He  himself  had  been  associated 
with  mechanical  refrigeration  for  over  thirty-five  years,  as  a 
scientist  originally,  and  that  quotation  did  not  agree  with  his 
view  of  what  had  happened.  Since  Harrison's  work  of  1855-1860, 
and  his  memorable  patent  of  1857,  he  did  not  know  of  any 
progress  that  had  been  made  except  that  due  to  scientific  research, 
either  independently  or  by  the  actual  manufacturers  themselves. 
Whether  they  had  cared  to  give  away  that  information  or  not 
was  another  matter,  but  the  fact  still  remained,  as  he  knew 
from  experience,  that  researches  had  been  made  by  a  number 
of  manufacturers  with  the  assistance  of  very  good  scientific 
experts. 

"With  regard  to  the  statement  made  by  Mr.  Anderson  with 
reference  to  the  absorption  machine  (page  950),  he  thought  it  was 
ordy  fair  to  point  out  that  that  machine  still  possessed  great 
possibilities,  and  it  was  being  used  economically  at  the  present 
time  with  good  results.  There  was  no  doubt  about  it  from  actual 
experience  that  it  possessed  many  possibilities  for  the  future.  The 
actual  calculations  given  in  the  diagrams  seemed  to  run  very  much 
on  the  same  lines  as  those  dealt  with  for  many  years  past,  but  he 
was  very  sorry  to  find  that  two  of  the  principal  manufacturers  were 
not  represented  by  diagrams  and  illustrations  of  their  machinery — 
Messrs.  J.  and  E.  Hall  and  Messrs.  Linde.  Messrs.  Hall's 
representative  had  already  explained  why  his  firm  did  not  send 
the  diagrams,  but  apparently  there  was  nobody  present  to  explain 
why  Messrs.  Linde  had  not  sent  diagrams.  He  understood  from 
Mr.  Anderson  now  that  they  were  very  busy  at  the  time  and  were 
not  in  a  position  to  provide  the  information. 
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Passing  over  various  detailed  matters  referred  to  in  the  Paper, 
which  he  did  not  think  for  present  purposes  it  was  necessary  to 
refer  to,  it  seemed  to  him  the  principal  point  was  the  conclusions 
arrived  at,  apart  from  the  question  of  the  discussion,  as  to  the  use 
of  dry  compression  and  wet  compression,  with  reference  to  which 
he  thought  it  was  only  necessary  to  say  that  the  original  machines 
were  calculated  and  built  on  a  dry-compression  basis,  and  were 
ultimately  worked  on  a  wet-compression  basis  from  purely  practical 
considerations.  He  knew  that  one  of  the  machines  at  least  had 
been  working  for  thirty  years  on  a  wet-compression  basis,  and  it 
had  never  had  a  cylinder  bored ;  it  was  still  running  as  efficiently 
as  ever,  which  proved  that  at  any  rate,  in  adopting  the  wet- 
compression  basis,  pi'actice  in  that  particular  instance  overrode 
theory.  He  did  not  for  one  moment  wish  to  contend  that  the 
compressor  as  a  compressor  was  more  efficient  with  wet  compression 
than  with  dry  compression ;  but  taking  the  whole  of  the 
circumstances  into  account  he  was  prepared  to  state  very  strongly 
that  wet  compression  over  a  term  of  years  would  show  the  best 
results.  In  that  connection  no  better  test  could  be  obtained  than 
in  the  manufacture  of  ice.  If  two  machines,  wet  and  dry,  were 
tested  over  a  series  of,  say,  five  years,  he  was  certain  from  his  own 
experience  that,  if  the  whole  of  the  costs  were  taken  into  account, 
the  wet  compression  would  show  the  greater  advantage. 

He  thought  all  present  would  agree  that,  from  a  scientific  point 
of  view,  there  was  no  doubt  it  would  be  a  great  advantage  to  have 
a  determinate  measure — a  standard.  In  the  two  diflferent  standards 
which  Mr.  Anderson  mentioned  there  was  not  sufficient  difference 
to  call  for  any  very  great  discussion — he  believed  the  difference 
amounted  to  1  per  cent.  Bearing  in  mind  that  manufacturers  had 
still  managed  to  go  on  with  the  horse-power  as  a  standard  of  measure, 
which  he  supposed  was  about  50  per  cent,  out,  and  bearing  in  mind 
also  that  the  kilogram  was  supposed  to  be  such  a  marvellous 
improvement,  it  made  one  think  after  all  whether  it  was  necessary 
to  determine  a  standard  with  absolute  accuracy,  so  long  as  a  standard 
of  some  kind  was  agreed  upon.  Having  done  that,  what  was  its 
application  ?     Had  anybody  asked  for  it  ?     Had  the  manufacturers 
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asked  for  it  ?  Had  the  people  who  purchased  the  machines  asked 
for  it  ?  He  had  never  heard  from  either  one  or  the  other  that  there 
had  been  any  demand  for  a  standard,  although  he  believed  from  a 
theoretical  point  of  view  it  would  be  a  very  good  thing  to  have  one 
for  educational  purposes  at  any  rate.  But  in  fixing  a  standard  it 
must  not  be  forgotten,  from  the  point  of  view  of  mechanical 
engineers,  that  the  manufacture  of  the  plant  and  the  machinery 
was  the  least  important  part  to  be  considered.  Next  in  importance 
came  the  insulation,  and  the  most  important  part  of  all  was  that  of 
application ;  and  the  difference  in  application,  based  entirely  on 
empirical  considerations,  was  so  great  that  the  question  of  even 
20  per  cent,  would  not  enter  into  the  calculation.  It  had  to  be 
borne  in  mind  that,  while  from  an  educational  point  of  view  there 
was  no  doubt  it  would  be  an  advantage  to  be  able  to  speak  in  set 
terms,  when  once  a  man  entered  into  the  commercial  side  they 
would  be  merely  used  as  a  kind  of  general  reference  ;  and  unless 
the  person  using  that  reference  had  the  knowledge  obtained  from  a 
number  of  years'  experience  of  how  to  apply  his  particular  machine, 
he  would  not  get  the  order.  While  it  might  be  treated  from  the 
very  highest  theoretical  point  of  view,  it  must  not  be  forgotten  that 
the  touchstone  of  the  whole  thing  was,  how  much  money  was  the 
manufacturer  going  to  get  out  of  it  ?  Therefore,  while  most  highly 
appreciating  the  efforts  of  Mr.  Anderson,  who  had  taken  considerable 
trouble  in  dealing  with  the  position  from  an  educational  point  of 
view,  the  question  of  application  so  overrode  everything  else  that 
he  was  afraid  it  would  be  necessary  to  forget  a  very  great  deal  of 
what  one  had  previously  learnt,  although  there  could  be  no  doubt 
that,  from  an  educational  point  of  view,  some  kind  of  standard  on 
which  to  teach  the  young  engineer  should  be  obtained.  He  had 
found  the  same  difficulty  himself  forty  years  ago  when  he  started, 
and  he  was  simply  pointing  out  to  those  present  what  they  might 
expect. 

Professor  Jenkin  mentioned  (page  1054)  at  the  last  Meeting  that 
manufacturers  ought  to  work  on  the  Centigrade  scale ;  but  when  he 
pointed  out  that  by  far  the  great  majority — he  woiild  say  90  per 
cent. — of  the  people  who  purchased  refrigerating  machinery  knew 
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nothing  about  Centigrade  or  Fahrenheit,  the  members  would 
appreciate  the  fact  that  they  had  to  deal  with  people  as  they  met 
them.  The  manufacturers  had  to  supply  machines  as  they  were 
required  to  do  what  the  purchaser  wanted,  and  the  question  of 
whether  the  compressor  was  of  this  or  that  type,  or  had  such  and 
such  a  rating,  was  after  all  a  very  small  one. 

Mr.  A.  H.  Tyler  said  that,  as  a  visitor,  he  was  glad  to  have  the 
opportunity  of  attending  the  Meeting  and  speaking  on  this  subject. 
As  previous  speakers  had  remarked,  both  the  Papers  contained  valuable 
information  and  dealt  with  matters  that  would  bear  a  great  deal 
more  discussion  than  could  be  given  at  one  Meeting.  He  hoped, 
as  a  result  of  the  reading  of  the  Paper  and  the  discussion,  that 
more  publicity  would  be  given  to  the  question  of  the  theory  of  the 
refrigerating  machine,  because  it  was  much  needed. 

With  regard  to  the  question  of  publicity,  two  different  opinions 
had  been  expressed.  Mr.  Anderson  expressed  his  regret  that  so 
little  experimental  work  had  been  done  by  the  manufacturers ; 
whereas  one  of  the  speakers  (Mr.  Willcox)  at  the  last  Meeting  took 
up  an  antagonistic  position  and  said  that  a  great  deal  of  work  had 
been  done  by  his  firm.  He  thought  both  the  author  and  the 
speaker  were  right.  Unfortunately,  however,  the  greater  part  of 
the  results  of  the  experiments  that  had  been  made  by  the 
manufacturers  had  not  been  made  public,  and  a  considerable  amount 
of  what  had  been  published  was  quite  useless.  A  good  many  of  the 
experiments  that  had  been  made,  the  results  of  which  had  not  been 
given  to  the  public,  were  equally  worthless.  Many  years  ago  some 
figures  were  published  as  to  the  properties  of  CO2  that  misled 
manufacturers  considerably,  which  was  very  regrettable.  Since" 
then  Mollier  had  experimented  on  the  matter  and  had  given 
manufacturers  a  sound  basis  to  work  upon,  and  he  could  not  be 
thanked  too  much  for  what  he  had  done  in  that  respect.  Following 
on  Mollier's  investigations,  Amagat  had  carried  the  matter 
considerably  further,  and,  having  checked  the  majority  of  the 
figures  obtained,  so  far  as  he  could  find  they  were  perfectly 
accurate  and  reliable  within  ordinary  limits.     Gooseman  had  also 
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published   some  very  useful   information   about   CO.,  that  he  had 
only  seen  referred  to  on  one  occasion  in  this  country. 

Since  Mr.  Anderson's  Paper  was  written,  he  (Mr.  Tyler)  had 
had  the  opportunity  of  publishing  a  certain  amount  of  information 
in  another  place,  and  probably  members  had  seen  it  mentioned  in 
the  technical  Press.  Most  of  the  information  that  had  been 
published  on  CO2  was  so  unreliable  that  personally  he  had  to  go 
back  to  the  beginning  and  endeavour  to  establigh  some  of  the  more 
elementary  facts  on  a  reliable  basis.  He  hoped  that  manufacturers 
would  join  him  in  publishing  results  of  tests  ;  and  he  did  not 
believe  any  good  resulted  either  to  the  manufacturers  or  to  anyone 
else  by  keeping  results  secret. 

Mr.  Harrap  (page  1073)  had  referred  to  the  question  of  units, 
stating  that  they  were  not  required  commercially,  but  he  (Mr.  Tyler) 
differed  entirely  from^  him  as  to  their  utility.  The  establishment 
of  units  was  not  proposed  simply  for  educational  purposes  ;  they 
would  also  be  of  the  utmost  use  to  manufacturers.  Almost  every 
manufacturer  had  some  standard  or  unit,  but  they  nearly  all 
differed.  Personally,  he  suggested  the  adoption  of  a  unit  which  in 
his  opinion  had  much  to  recommend  it,  and  he  would  be  very 
pleased  if  gentlemen  who  differed  from  him  would  state  the  reason 
for  doing  so.  The  unit  he  had  adopted  for  many  years  past  for  his 
own  use  as  the  Ton  of  Refrigeration  was  the  elimination  of  12,000 
B.Th.TJ.  per  hour  from  brine  at  the  temperature  of  32°  F.  12,000 
B.Th.XJ.  was  almost  exactly  the  American  ton  of  2,000  lb.  multipKed 
by  the  latent  heat  of  water,  and  divided  by  24  hours  per  day.  It 
assumed  the  latent  heat  of  water  at  144  B.Th.TJ.  per  lb.  It  was  a 
trifle  less,  but  that  was  the  nearest  even  figure.  The  figure  of  144 
had  advantages ;  it  was  easily  divisible ;  it  was  a  nice  round  figui-e, 
one  easy  to  remember  and  use.  Scientific  accuracy  in  a  standard 
was  not  of  any  importance  whatever.  It  was  like  the  horse-power ; 
every  one  used  it,  but  it  did  not  represent  the  power  of  any 
standard  horse  that  he  knew  of.  Taking  the  figure  of  32°  F., 
as-  the  temperature  of  the  brine  from  which  the  heat  was  abstracted, 
had  the  recommendation  that  it  compared  with  the  thawing  of  ice 
or  freezing  of  water,  both  of  which  took  place  at  a  temperature  of 
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32°.  It  was  very  difl&cult  to  get  water  to  fi-eeze  at  any  other 
temperature  but  32°  F.,  and  if  that  was  done,  abstruse  corrections 
had  to  be  introduced.  If  a  machine  which  was  abstracting  heat  at 
zero  was  compared  with  a  machine  in  which  ice  was  changing  at 
32°,  a  correction  was  involved,  and  he  was  afraid  that  it  would 
take  the  members  a  very  long  time  to  agree  what  proportion 
it  should  be. 

Personally,  he  saw  no  objection  to  the  adoption  of  32°  F.,  which 
also  had  another  very  great  advantage.  If  the  machines  (either 
CO2  or  NH3)  were  tested  by  abstracting  heat  from  brine  at  32°  for 
shop  test  purposes,  it  would  be  found  they  took  their  maximum 
power  with  brine  at  about  that  temperature,  with  cooling  water  in 
the  condenser  up  to  from  70°  to  80°  F.  So  that  by  testing  the 
machine  with  brine  at  32°  F.,  the  maximum  power  was  being  used 
that  would  be  required  to  be  supplied  by  the  motor  working  the 
machine  under  commercial  conditions.  As  the  machine  had 
initially  to  cool  brine  from  32°  downwards  to  its  working 
temperature,  the  motor  had  to  be  made  to  do  its  duty  with  brine 
at  that  temperature.  It  was  objected  that  most  refrigerating  duty 
was  done  below  32°  F.,  but  on  the  other  hand  there  was  a  large 
number  of  refi'igerating  machines  required  for  cooling  water  and 
for  chiUing  work,  and  such  refrigerating  machines  performed  their 
work  above  32°  F.  So  that  the  ordinary  duties  of  a  refrigerating 
machine  were  sometimes  below  and  sometimes  above  32°  F.,  and 
that  was  a  fair  average  figure.  As  he  had  ah'eady  stated,  it  needed 
no  correction  when  compared  with  ice,  and  thei^efore,  for 
standardizing  his  machines,  he  had  adopted  that  standard  of 
12,000  B.Th.U.  per  hour  abstracted  from  brine  at  32°  F.,  and 
he  designed  machines  for  ordinary  climates  to  do  that  duty  with 
condenser  water  up  to  70°  F.  Cooling  water  of  70°  F.  was 
obtainable  almost  invariably  in  aU  temperate  latitudes ;  it  was  a 
very  usual  summer  temperature,  and  it  was  one  that  should  be 
reckoned  on.  It  was  very  seldom  that  water  was  not  obtainable 
at  that  temperature,  but  in  such  special  cases  the  difference  could 
be  allowed  for.  In  the  tropics  it  went  very  little  above  that  figure 
as  a  rule. 
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While  on  the  question  of  units,  he  would  like  to  suggest  that 
some  better  terms  should  be  adopted.  The  unit  that  was  at  present 
used  was  called  a  "  ton  of  refrigeration,"  and  he  wished  that  some 
other  term  could  be  used  in  its  place.  Electricians  had  much  more 
convenient  words  in  the  "  volt,"  the  "  ampere  "  and  the  "  ohm,"  the 
second  of  which  was  usually  abbreviated  into  the  "  amp."  Instead 
of  .the  term  "ton  of  refrigeration,"  he  had  adopted  the  words 
"  frigid  ton,"  which  he  thought  was  better  than  the  other. 

Mr.  Anderson  in  the  early  part  of  his  Paper  referred  to  the 
cycle  of  performance  of  the  refrigerating  machine  as  being  a  heat- 
pump,  and  compared  it  with  a  reversed  steam-engine.  That  was 
very  usual,  and  he  noticed  that  most  writers  on  the  subject 
treated  it  in  the  same  way.  He  would  like  to  suggest,  however, 
with  regard  to  Fig.  1  (page  952),  that,  when  the  operation  of  the 
machine  was  reversed,  it  was  assumed  that  A  remained  the  boiler 
and  C  the  condenser ;  all  that  happened  was  that  the  boiler  was 
at  a  lower  temperature  than  the  condenser.  The  evaporator  was 
nothing  more  or  less  than  a  water-tube  boiler,  and  the  condenser 
was  still  a  condenser,  but  at  a  higher  temperature  than  the 
boiler.  The  result  was  that  instead  of  giving  out  work  in  the 
cylinder  it  absorbed  work ;  instead  of  absorbing  work  in  the 
feed-pump  it  could  give  it  out,  and  the  pump  was  i-eplaced  by 
the  expansion-valve.  In  the  heat-engine  the  feed-pump  must  be 
a  pump ;  the  water  could  not  be  got  to  pass  without  it  from  the 
lower  to  the  higher  pressure ;  but  with  the  refrigerating  machine 
the  pressures  were  reversed.  An  expansion  cylinder,  as  fitted  to 
the  refrigerating  machine,  was  an  exact  equivalent  to  the  feed- 
pump reversed,  and  if  it  was  looked  at  from  the  point  of  view  he 
had  mentioned,  it  would  be  found  that  a  complete  heat-engine 
reversed  was  obtained. 

Some  remarks  had  also  been  made  on  the  question  of  wet  and 
dry  compression.  The  argument  as  to  which  of  the  two  was  the 
more  advantageous  had  been  raging  for  many  years,  and  they 
seemed  as  far  off  settling  the  problem  as  ever.  There  was  no 
doubt  that  some  designs  of  NH3  machines  would  give  better 
results  with  dry  compression.     He  was  absolutely  convinced  from 
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the  tests  he  had  seen  made  that,  under  some  conditions  of  woi^king 
and  design,  ammonia  machines  gave  better  results  with  dry 
compression,  but  he  could  state  most  certainly,  from  experiments 
and  tests  he  had  made,  that  a  CO2  machine  gave  better  results 
with  wet  compression  than  it  did  with  dry.  In  one  case  he  had 
had  the  opportunity  of  carrying  out  some  tests  in  Alexandria, 
extending  over  about  a  month  with  a  large  CO2  machine  making 
ice.  The  water  temperature  was  steady  throughout  the  trial ;  the 
machine  ran  twenty-four  hours  a  day  and  was  only  stopped  once 
for  some  small  adjustment.  The  ice  was  drawn  in  rows  of  moulds 
at  intervals  of  about  thirty-four  minutes  in  the  usual  method 
followed  in  Continental  practice.  He  tried  the  machine  with 
varying  degrees  of  wetness,  until  he  found  the  most  suitable 
degree.  When  he  approached  dry  compression  the  results 
undoubtedly  fell  off,  that  is,  he  had  to  give  a  longer  interval 
between  drawing  a  row  of  moulds,  showing  that  the  machine 
was  making  less  ice.  The  machine  was  indicated  twice  a  day, 
and  the  results  were  very  steady.  The  horse-power  practically 
did  not  vary — it  was  within  1  per  cent. — but  the  ice  production 
certainly  fell  away  as  they  approached  dry  compression.  He  had 
every  reason  to  believe  that,  if  they  had  gone  on  and  got  the 
compression  completely  dry,  the  results  would  have  been  much 
worse.  "With  wet  compression  the  results  were  better  up  to  a 
certain  point,  and  then  they  began  to  fall  away  again.  He  had 
found,  from  a  very  large  number  of  tests  of  CO2  machines,  that 
the  best  results  were  obtained  when  a  degree  of  wetness  was  used 
which  gave  a  discharge  temperature  of  about  150°  F.,  and  he 
thought  that  about  3°  on  either  side  of  that  figure  covered  the 
most  economical  temperatures  under  all  conditions. 

Dr.  Grindley  had  explained  the  great  increase  in  efiect  to  be 
obtained  from  a  CO2  refrigerating  machine,  by  cooling  the  liquid 
to  the  evaporation  temperature  in  a  "  suction  interchanger "  and 
compressing  isothermally,  but  he  had  unfortunately  miscalculated 
the  great  increase  of  power  consumed  that  would  result.  The 
entropy  diagram  dealt  with  weights  of  CO2,  not  volumes,  and  the 
power  required  by  the  compressor  was  determined  by  the  volume 
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and  pressures  to  be  dealt  with.  Taking  one  example  from  his 
Table  (page  1037),  say  the  performance  with  temperature  limits  of 
10^  and  82*5^,  the  volume  of  the  unit  weight  of  gas  (if  dry) 
would  be  increased  by  93  per  cent,  and  the  power  for  com^pression 
similarly,  making  Wo  =  34*5  instead  of  17*9  and  -q^  =  2*38 
instead  of  4*57;  the  increase  in  performance  then  disappeared 
and  became  a  loss  of  nearly  26  per  cent.  With  wet  compression 
the  loss  would  be  greater. 

In  conclusion,  he  desired  to  thank  the  authors  of  the  Papers 
for  the  work  they  had  done  and  the  results  given,  and  although 
he  had  said  nothing  favourable  about  Dr.  Grindley's  Paper  he 
thought  it  was  extremely  valuable.  The  amount  of  work  involved 
in  the  diagrams  that  had  been  worked  out  was  enormous,  as  he 
knew  from  having  carried  out  similar  work  himself ;  and  although 
he  was  a  manufacturer  and  a  practical  man,  he  fuUy  appreciated 
the  importance  of  the  theoretical  side  of  the  subject.  He  went  as 
deeply  into  the  one  side  as  the  other,  and  scientific  gentlemen 
who  gratuitously  devoted  their  time  to  investigation  and  made 
known  the  results  of  their  labours  and  prepared  diagrams  did  the 
manufacturers  an  inestimable  service. 

Mr.  G.  C.  HoDSDON  said  that  since  the  Annual  Report  of 
the  Institution  for  1911  appeared  he  had  been  anxiously  awaiting 
the  present  Papers  on  Refrigeration,  and  he  was  very  surprised 
when  they  arrived  to  find  that  they  treated  the  subject  from  the 
point  of  view  of  the  ordinary  engineer,  for  whom  they  were  fuU 
of  information.  There  was  nothing  for  the  refrigerating  engineer. 
He  presumed  that  the  object  of  the  Papers  was  that  they  should 
be  of  use  to  the  refrigeration  industry,  and  in  order  to  accomplish 
that  purpose  they  must  contain  something  that  practical  refrigerating 
engineers  could  use  in  their  work.  Mention  was  made  of  research 
in  connection  with  the  subject,  and  he  for  one  would  be  very  pleased 
if  the  Institution  could  take  up  that  work.  There  were,  in  his 
opinion,  one  or  two  subjects  that  could  be  dealt  with  most  usefully. 
What  were  particularly  required  were  figures  that  all  refrigerating 
engineers  could  accept  as  standard. 
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Dr.  Gi"indley  referred  to  investigations  that  had  been  carried 
out,  but  did  not  say  definitely  what  they  were.  Presumably  they 
were  connected  with  the  new  cycle  which  was  proposed,  and  he 
would  like  Dr.  Grindley  to  say  whether  that  was  so  or  not.  The 
inference  contained  in  the  Paper  was  that  refrigerating  engineers 
did  not  know  their  business.  That  remained  to  be  seen.  First 
of  aU,  Dr.  Grindley  put  a  water-jacket  on  to  the  compressor.  If 
that  was  all  he  did,  it  was  of  no  use ;  but  perhaps  the  author 
had  some  other  way  of  getting  isothermal  compression.  His  own 
experience  was  that  isothermal  compression  could  be  obtained,  but 
life  was  not  long  enough  to  wait  for  it,  and  it  was  not  a  commercial 
proposition.  The  machines  had  to  be  built,  not  for  the  express 
pvirpose  of  giving  satisfaction  to  the  refrigerating  engineer,  but 
to  make  money.  Before  vapour-compression  machines  became 
so  common,  cold-air  machines  were  used,  with  the  cycle  of  which 
most  of  those  present  were  familiar.  Air  was  taken  at  atmospheric 
pressux'e  and  temperature  and  compressed  in  a  cylinder.  It  was 
then  cooled  whilst  at  a  pressure  of  from  45  to  60  lb.  per  square 
inch  in  a  tubular  cooler,  by  water,  to  a  temperature  a  few  degrees 
above  that  of  the  temperature  of  the  inlet  cooling  water.  The 
compressed  cooled  air  was  then  led  to  an  expansion  cyKnder  and 
make  to  do  work,  with  the  result  that  the  temperature  at  the 
outlet  of  the  expansion  cylinder  was  somewhere  about  —  80°  F. 
or  even  lower.  In  order  to  reduce  as  far  as  possible  the  power 
required  for  compression,  the  compression  cylinder  was  always 
fitted  with  a  water-jacket.  In  one  particular  case  a  thin  gun-metal 
liner  was  fitted,  the  water  circulating  in  the  space  left  between  the 
Uner  and  the  body.  The  size  of  the  compressor  was  11  f  inches 
diameter  by  14  inches  stroke,  indicating  17  h.p.  at  85  revolutions 
per  minute,  with  an  air-pressure  of  45  lb.  per  square  inch  by  the 
gauge,  giving  a  ratio  of  compression  of  4*06.  A  COg  machine 
or  an  ammonia  machine,  working  between  the  limits  given  in 
Mr.  Anderson's  Paper  of  0°  F.  and  70°  F.,  would  give  a  ratio  of 
compression,  for  comparison,  of  2-75  for  the  CO^  machine  and 
4  •  28  for  the  ammonia  machine.  After  everything  had  been  done 
to  keep  down  the  temperatui-e  of  the  air  discharged,  it  left  the 
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cylinder  at  290°  F.,  although  it  entered  it  at  about  60°  F.  That 
was  with  a  thin  gun-metal  liner.  Was  -there  any  hope  of 
isothermal  compression  for  an  ammonia  machine  or  a  CO2  machine 
where  it  was  necessary  to  have  a  liner  much  thicker  than  that  ? 

He  doubted  whether  many  engineers  present  had  ever  seen  a 
water-jacket  on  a  CO2  machine  ;  one's  natural  conclusion  was  that 
such  machines  had  not  been  made  with  water-jackets.  That, 
however,  was  altogether  incorrect.  Fig.  48,  Plate  46,  showed  a 
compound  CO2  compressor  with  a  water-jacket ;  it  was  the  fii'st  CO2 
machine  ever  built  in  this  country,  and  it  was  made  in  the  year 
1888.  When  a  water-jacket  had  been  put  on  the  machine,  the  next 
thing  was  to  keep  it  there.  Engineers  were  well  acquainted  with 
what  happened  to  the  water-jacket  of  an  oil-engine  or  a  motor- 
engine  if  there  was  a  frost,  and  that  happened  to  several  of 
the  water-jackets  on  the  first  COj  machines  that  were  built. 
They  would  have  to  be  very  careful  in  their  regulation  of  the 
machine  or  the  water-jacket  would  come  off,  as  some  of  the 
original  ones  did.  He  did  not  say  that  was  the  reason  the  water- 
jacket  was  given  up,  but  it  no  doubt  had  something  to  do  with  it. 
It  was  easy  enough  to  regulate  the  machine,  but  some  day  or 
other  the  man  in  charge  of  the  machine  would  be  a  little  careless, 
and  the  jacket  would  be  split.  Incidentally  he  saw  in  the 
December  No.  of  Ice  and  Refrigeration — a  journal  pubKshed  in 
America — that  on  some  American  dry-compression  machines  the 
water  frequently  left  the  jackets  at  a  lower  temperature  than  it 
entered.  The  water-jacket  was  intended  to  cool  the  cylinder  and 
not  to  cool  the  water,  but  that  was  what  happened  in  many  cases 
if  carelessness  was  shown  in  regard  to  the  regulation  of  the 
machine.  Then  Dr.  Grindley  said  that  he  would  use  an 
interchanger  on  his  machine.  In  his  opinion  no  gain  would 
result,  provided  the  temperature  of  the  gas  discharged  from  the 
compressor  was  fixed ;  and  it  was  fixed,  as  Mr.  Tyler  had  already 
stated,  at  about  150°  F.  or  160°  F.  for  practical  reasons,  the 
principal  one  being  lubrication.  It  was  also  found  that  the 
machine  gave  better  duty  under  those  conditions.  Having  a 
fixed  size  and  speed  of   compressor,  a  fixed  delivery  temperature 
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and  fixed  evaporating  and  condensing  temperatures,  the  quality,  or 
dryness  fraction,  as  it  was  usually  called,  of  the  gas  entering  the 
compressor  was  therefore  fixed,  and  therefore  the  weight  of  gas 
dealt  with  in  unit  time  by  the  compressor  was  also  fixed.  What 
happened  to  the  medium  between  the  regulator,  where  it  was  a 
liquid,  and  the  point  at  which  it  entered  the  compressor  did  not 
afi"ect  the  maximum  duty  to  be  obtained  from  it.  The  liquid  had 
to  first  cool  itself  from  the  fixed  condensing  temperature  by 
partial  evaporation  to  the  evaporating  temperature,  and  then  to 
evaporate,  and  whether  this  took  place  in  the  evaporator  or  partly 
in  the  evaporator  and  partly  in  an  intei'changer,  it  could  only  absorb 
a  fixed  number  of  B.Th.U.  per  lb.  from  an  external  source.  They 
started  with  a  liquid  at  a  fixed  temperature,  and  it  came  back  to 
the  compressor  as  a  gas  with  a  fixed  dryness-fraction,  temperature, 
and  pressure.  The  addition  of  an  interchanger  gave  no  increase, 
in  fact  it  caused  a  distinct  loss,  because  they  had  got  the 
transmission  of  heat  from  the  surrounding  atmosphere  into  the 
interchanger. 

A  fuU  Table  of  the  properties  of  CO.2  based  on  the  latest  data 
available  was  published  in  Ice  and  Cold  Storage  for  November 
1912.  Details  were  given,  not  for  every  5°  or  every  9°,  but  for 
every  degree  F. 

Coming  to  the  Ammonia  Table,  Dr.  Grindley  had  worked  on  some 
figures  which  appeared  in  Zeuner's  "  Technical  Thermodynamics," 
and  he  stated  that  they  did  not  fit  a  smooth  curve,  which  was  not 
to  be  wondered  at.  A  curve  from  the  original  figures  given  in  1890 
by  Zeuner  would  be  seen  in  Fig.  49  (page  1084)  marked  Zeuner  No.  1. 
In  the  year  1904  Dieterici  published  some  figures,  but  they  only  went 
down  to  32^  F.  Zeuner  in  his  "  Technical  Thermodynamics  "  gave 
these  figures  [see  the  curve  marked  Zeuner  No.  2  which  only  went 
down  to  32°  F.)  ;  he  then  continued  with  his  older  figures,  thus  causing 
a  sudden  jump  to  the  old  curve.  He  did  not  know  whether  the 
author  had  been  able  to  test  those  curves  of  Zeuner's.  The  curve 
that  Dr.  Grindley  had  given  was  also  shown  and  went  outside  the 
others  at  the  bottom  i-ight  hand  corner,  and  he  did  not  think  that  it 
was  at  all  fair.     The  diagram  gave  ten  curves.     The  various  dates 
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were  given,  and  the  authorities  for  thera,.  and  the  members  might 

Uike   whichever    they   preferred.      That   was  a   point   which    the 


Fig.  49. 

Curves  by  Various  Autlwrities  showing  the 

connection  between  the  Temperature 

and  the  Latent  Heat  of  NH^. 


460  500  540  580  C20 

LATENT     HEAT    OF     EVAPORATION     B.  TH.  U.    PER    LB. 

Institution  could  very  well  take  up  and  settle,  because  it  was  of 
great  importance.  Mr.  Anderson  had  also  given  some  Tables,  based 
on  Wobsa's  1907  results,  but  he  might  not  be  aware  that  in  the 
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year  1908  Wobsa  pul)li8hed  some  further  figures.     The  cui'ves  of 
latent  heat  from  both  sets  of  figures  would  be  seen  in  the  diagi-am. 
In  April  and  May  1912  a  complete  Table  of  the  properties  of 

Fig.  50. — <t>-i  Diagram  for  NHj. 
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ammonia  for  every  degree  Fahr.  was  published  in  Ice  and  Cold  Storage, 
and  he  based  those  on  the  latest  figures  by  Hybl ;  the  latent  heat 
curve  would  be  found  in  the  diagram  in  the  middle  of  the  set. 
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Dr.  Grindley  gave  a  <f>-i  diagram  for  NH3  on  the  basis  of  skew 
co-ordinates.  Fig.  50  showed  a  diagram  that  was  in  existence,  he 
believed,  long  before  Dr.  Grindley's ;  but  it  was  plotted  on  squared 
paper ;  the  Fig.  was  made  from  a  copy  of  the  original.  The 
alteration  in  the  shape  of  the  curves,  when  they  were  put  down  on 
a  rectangular  co-ordinate  basis,  was  worthy  of  notice.  If  the  frame 
or  border  of  the  diagram  shown  were  considered  to  be  a  pin-jointed 
frame,  with  the  ends  of  all  co-ordinates  pin-jointed  to  the  frame,  and 
the  bottom  left-hand  corner  and  the  top  right-hand  corner  were 
taken  and  squeezed  together,  it  shortened  diagonally  in  one 
direction  and  lengthened  diagonally  in  the  other  direction,  until  the 
skew  co-ordinates  and  Dr.  Grindley's  curves  were  obtained. 

Mr.  Anderson's  Paper  was  full  of  information  suitable  for  a 
student's  text-book.  It  seem.ed  rather  one-sided,  as  he  believed  the 
makers  of  the  original  ammonia  machine  in  England,  and  the 
makers  of  the  original  CO2  machine  in  England,  were  not  even 
mentioned.  He  quite  agreed  with  the  remarks  made  by  the 
previous  speakers  in  reference  to  what  Mr.  Anderson  had  said  with 
regard  to  the  relation  of  science  to  the  industry,  namely,  that  no 
improvements  had  taken  place  as  a  result  of  scientific  investigation. 
In  Mr.  Hodsdon's  opinion  that  was  not  the  fact.  The  author 
assumed,  because  no  results  had  been  published,  that  nothing 
had  been  done.  A  buyer  could  go  to  any  of  the  leading  refrigerating 
machine  makers  in  the  kingdom  and  get  any  machine  he  wanted  for 
any  particular  purpose.  The  makers  had  had  to  rely  on  themselves 
for  information  ;  they  had  not  been  able  to  get  any  from  outside 
sources.  They  could  all  deal  with  the  question  intelligently  ;  they  all 
had  their  own  testing  stations,  and  their  tests  were  Ciirried  out  quite 
independently,  because  of  jealousy  between  one  and  the  other,  and 
one  maker  did  not  know  what  the  other  was  doing.  With  reference 
to  the  scientific  question,  the  best  books  on  refrigeration  and  the 
best  monthly  papers  were  undoubtedly  published  in  German,  but  it 
was  very  strange  that  the  three  medium-sized  refrigerating  machines 
on  the  largest  German  liner  now  being  completed  were  of  EngKsh 
make,  and  were  being  fitted  at  the  present  moment  by  English 
engineers.      Germany  was  undoubtedly  the  home  of  science,  but 


I>EC.   1912.  REFIUQERATING   MACHINES.  1087 

science  had  not  helped  Germany  to  get  the  oi'der  for  those 
refrigerating  machines. 

Fig.  51,  Plate  46,  was  a  photograph  of  the  largest  CO2  machine 
in  the  world,  and  four  machines  of  the  kind  shown  were  running. 
The  gear-wheel  shown  was  7  feet  3  inches  in  diameter  by  10-inch 
face,  and  the  motor  was  of  300  h.p.  The  compressors  were 
8^  inches  diameter,  and  the  machine  would  make  70  tons  of  ice 
per  24  hours  in  a  semi-tropical  climate.  The  fly-wheel,  which  was 
not  shown  in  the  photograph,  was  in  halves  and  weighed  13  tons. 

He  did  not  see  anything  in  the  Papers  about  the  water-vapour 
machine,  although  he  believed  that  several  manufacturers  were 
making  experiments  on  such  machines.  The  French  Admiralty  had 
several  water- vapour  machines  on  the  Leblanc  system  in  their  ships. 
It  was  the  latest  development  of  refrigeration,  and  he  had  no  doubt 
that  they  would  hear  more  about  it  later  on.  He  was  sure  all  the 
members  would  be  very  glad  indeed  to  see  the  Institution  take  up 
research  work  connected  with  the  subject,  but  it  was  necessary  to 
utter  a  caution  before  it  commenced.  The  United  States  Government 
voted  in  August  of  the  present  year  $15,000  to  the  United 
States  Bureau  of  Standards  for  the  investigation  of  the  units  and 
standards  of  refrigeration,  and  possibly  some  of  the  results  would 
be  published  at  the  International  Congress  of  Refrigeration  to 
be  held  in  Chicago  in  September  1913.  There  were  also  various 
Refrigeration  Associations  which  were  making  independent 
experiments  for  the  benefit  of  the  refrigeration  industry,  and 
some  figures  had  come  to  hand  only  that  morning  of  experiments  on 
insulation  carried  out  for  the  French  Association  of  Refrigeration, 
particulars  of  which  were  given  at  the  meeting  held  in  Toulouse  in 
August  last.  Units,  standard  conditions  of  testing,  and  similar 
particulars  were  also  proposed  for  refrigerating  machines.  Any 
work  that  the  Institution  did  must  be  done  with  due  regard  to, 
or  in  conjunction  with,  what  was  being  carried  out  by  other 
Associations  both  on  the  Continent  and  in  America. 

Personally,  he  would  like  to  see  a  standard  ton  of  refrigeration. 
Horse-power  did  not  mean  the  work  that  one  horse  could  do,  but  if 
the  horse-power  of  an  engine  was  given,  an  engineer  now  knew 
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roughly  what  work  it  would  do.  It  would  therefore  be  very  useful 
to  refrigerating  engineers  to  have  a  standard  ton  of  refrigeration. 
It  would  be  necessary  to  define  the  amount  of  duty  done  and  the 
ranges  of  temperature  between  which  it  would  be  accomplished. 

With  regard  to  point  (d)  at  the  end  of  Mr.  Anderson's  Paper 
(page  1000),  with  regard  to  the  charging  of  the  machines,  he  thought 
that  if  a  machine  wei^e  under-charged  it  stood  to  reason  that  the 
duty  would  be  reduced.  If  the  machine  were  over-charged  the 
results  were  perhaps  a  Httle  doubtful,  but  the  usual  result  was  that 
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a  slightly  increased  duty  was  obtained  at  a  very  greatly  increased 
horse-power,  for  the  reason  that  the  liquid  laid  up  in  the  condenser 
and  reached  the  regulator  at  a  temperature  nearer  the  temperature 
of  the  condensing  water. 

Item  (e)  dealt  with  the  question  of  the  value  of  cooling  the 
liquid  refrigerant  before  expansion  in  (or  by)  the  evaporator.  That 
dealt  with  the  interchanger  question  again,  and  he  thought  the 
members  would  agree  with  him  that  there  did  not  seem  to  be 
much  probability  of  any  gain  in  that  respect.  "With  regard  to 
the   question    of   subjects   suitable   for   investigation,  the   first    in 
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his  opinion  was  that  of  the  flow  of  brine  through  V  notches  and 
circular  orifices.  When  a  machine  was  tested,  it  was  desirable  to 
measure  the  quantity  of  liquid,  either  bi-ine  or  water,  passing,  and 
to  do  that  V  notches  or  circular  orifices  were  used.  No  modern 
data  were  available  connected  with  the  amount  of  water  or  brine 
that  would  pass  and  to  what  extent  the  flow  was  aflfected  by : 
altering  (1)  the  specific  gravity  and  (2)  the  temperature  of  the 
brine.  Reliable  investigations  w^ere  also  wanted  to  determine 
exactly  how  the  coefficient  of  discharge  for  orifices  varied  with 
(1)  the  head  and  (2)  the  diameter  of  the  orifice.  That  was  a 
subject  suitable  for  an  investigation,  and  it  could  easily  be  carried 
out.  All  engineers  possessed  certain  figures,  but  it  was  a  point  on 
which  agreement  was  desirable,  as  the  present  figures  showed  great 
discrepancies. 

The  next  question  that  required  investigation  was  the  specific 
heat  of  brine.  He  did  not  think  there  were  many  refrigerating 
engineers  who  knew  exactly  what  the  specific  heat  of  brine  was. 
Many  figures  had  been  published  from  time  to  time,  but  what  was 
the  refrigerating  engineer  to  do  when  the  United  States  Bureau  of 
Standards  and  the  National  Physical  Laboratory  gave  two  entirely 
diflferent  sets  of  figures?  He  had  known  refrigerating  engineers 
discuss  whether  the  specific  heat  of  1  •  2  specific  gravity  brine  were 
0*75  or  0-79  at  0''  F.,  whereas  it  now  appeared  to  be  about  0*69 — a 
diflference  of  8  and  14  per  cent,  respectively. 

Fig.  52  showed  curves  from  the  figures  given  by  the  National 
Physical  Laboratory  and  the  United  States  Bureau  of  Standards 
for  the  specific  heat  of  calcium  chloride  brine.  The  series  of  curves 
shown  appeared  to  have  no  connection  with  one  another,  but  this  was 
altered  when  they  were  plotted  to  a  density  base  as  shown  in  Fig.  53. 
This  diagram  also  gave  a  dotted  curve  recently  published  by  the 
leading  German  authoi-ity  on  Refrigeration,  as  well  as  the  full  line 
curves  from  the  data  of  the  United  States  Bureau  of  Standards. 
It  would  be  seen  that  the  curves  approximately  passed  through  the 
point  specific  heat  1  •  0  when  the  density  was  1  •  0.  Owing  to  the 
curves  being  so  close  together,  the  rectangle  marked  A  B  C  D  had 
b  een  enlarged  to  form  Fig.  54,  the  curves  from  the  data  of    the 
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National  Physical  Laboratory  having  been  added  to  this  in  dotted 
lines.  There  was  certainly  no  very  great  discrepancy  between 
the  results  of  any  of  the  authorities,  the  comparison  given  at  the 
top  of  Fig.  53  showing  a  difference  of  only  3  per  cent,  between 
the  lowest  and  the  highest  at  the  particular  temperature  taken. 

Other  subjects  that  required  investigation  were  the  Transmission 
of  Heat  through  Insulation  and  Heat  Transmission  through  Pipes, 
the  latter  of  which  might  well  occupy  the  Research  Committee  for  ten 
years.  It  was  desirable  to  ascertain  to  what  extent  the  transmission 
was  affected  by  the  material,  by  the  pressure,  by  the  temperature, 
by  the  kind  of  gas,  by  the  state  of  the  internal  and  external 
surfaces,  by  the  velocity  of  the  gas  on  the  one  side  and  the  velocity 
of  the  air,  water,  brine,  oil  or  other  liquid  on  the  other  side ;  what 
were  the  transmission  coefficients  for  superheated  gas  to  a  liquid ; 
what  they  were  for  wet  gas  to  a  liquid,  and  what  they  were  for  a 
liquid  to  a  liquid.  There  were  also  the  questions,  of  the  transmission 
through  brine  pipes  and  direct  expansion  pipes  to  rapidly  moving 
air,  or  air  in  natural  circulation,  and  to  what  extent  those 
transmissions  were  affected  by  ice  or  frost  on  the  pipes. 

Mr.  Henry  Brier  said  that  Mr.  Anderson  gave  (page  953) 
some  figures  for  thermodynamic  losses  which  certainly  were  not 
favourable  to  COj  machines ;  in  fact  they  were  very  unfavourable. 
It  was,  however,  reassuring  to  find  that  in  practice  these  losses 
did  not  appear,  and  that  when  power  and  output  were  taken 
into  account,  COg  machines  could  compete  very  favourably  with 
ammonia  machines. 

The  fii'st  of  the  four  thermodynamic  losses  referred  to  was 
the  loss  due  to  free  expansion  at  the  regulating  valves.  More  or 
less  successful  attempts  had  been  made  to  minimize  this  loss  by 
reducing  the  temperature  of  the  liquid  gas  on  its  exit  from  the 
condenser,  in  order  that  it  might  more  nearly  approach  the 
temperature  at  which  it  would  be  employed  in  the  evaporator. 
These  trials  had  usually  been  made  either  by  expanding  a 
portion  of  the  liquid  gas  itself  and  returning  it  direct  to  the 
condenser   by  means  of   a   compressor,  or   by    the  employment  of 
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regenerative  coolers  or  interchangers,  and  many  such  coolers  were 
at  work ;  but  the  results  up  to  the  pi'esent  had  unfortunately  not 
appealed  to  the  manufacturer  or  user  to  any  great  extent,  owing 
generally  to  the  increased  complications  of  details  and  multiplication 
of  leaky  joints  about  moving  parts,  although  in  many  instances 
much  economy  had  been  attained.  General  attention  was  so 
thoroughly  concentrated  upon  this  point  that  one  might  expect 
very  shortly  some  practical  and,  it  was  to  be  hoped,  entirely 
successful  developments ;  for,  if  without  extra  complications  of 
parts  the  temperature  of  the  liquid  CO2  could  be  considerably 
reduced  on  its  passage  to  the  evaporator,  it  was  quite  evident 
that  the  evaporator  would  be  better  able  to  carry  out  its  allotted 
work  than  under  the  present  conditions. 

Other  losses  were  referred  to,  under  clauses  (&  and  c)  also  on 
page  953,  due  to  superheat  in  the  compressor  and  greater  pressure 
given  to  the  gas  than  the  pressure  necessary  to  condense  it. 
Under  ordinary  or  common  law  one  could  not  expect  to  get 
something  for  nothing,  and  the  concentrated  heat  due  to 
compression,  also  the  greater  pressui'e  given  to  the  gas  than  was 
actually  required  by  the  temperature  of  the  cooling  water  for  its 
condensation,  was  simply  payment  for  a  transmission  of  heat  and 
more  rapid  liquefaction  that  would  otherwise  be  obtained.  These 
differences  for  rapid  working  were  required  both  in  the  condenser 
and  also  in  the  evaporator.  He  was  not  sure,  therefore,  that  these 
losses  should  be  counted  actually  as  losses.  They  were  certainly 
working  losses,  but  were  given  for  something  received. 

Attention  was  drawn  (page  954)  to  loss  (d),  and  reference  was 
made  to  controversy  between  wet  and  dry  refrigeration.  Every 
engineer  who  had  anything  to  do  with  the  design  of  refrigerating 
machinery  had  had  that  point  before  him  several  years,  and  had 
come  to  the  conclusion,  in  this  country  at  any  rate,  that  the  wet 
gas  would  transmit  more  rapidly  and  with  greater  working  effect 
than  the  dry  gas.  English  machines,  therefore,  were  generally 
worked  in  the  wet  state.  He  believed  that  some  Americans  would 
call  it  "  flooded."  It  would  appear  to  him  (Mr.  Brier)  quite  clear 
that  for  a  CO2  machine  to  give   its  best  results,  that  is  to  say  its 
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greatest  refrigerating  effect,  there  was  a  certain  point  which  might 
be  arrived  at  and  be  proved  by  careful  trial,  and  that  condition 
would  appear  to  be  when  the  gas  was  working  in  a  more  or  less 
wet  state.  It  was  quite  evident  that  the  gas  was  better  able  to 
take  up  heat  from  the  coils  of  the  evaporator,  due  entirely  to  the 
liquid  or  wet  gas  being  a  better  conductor  or  transmitter  of  heat, 
than  if  it  was  dry.  Another  point  in  favour  of  the  so-called  wet 
process  was  unquestionably  the  greater  volume  of  gas  which  might 
be  circulated  by  the  same  swept  volume  of  the  compressor  piston. 
Any  slightly  additional  power  required  to  handle  this  greater 
quantity  of  gas  would  be  more  than  paid  for  in  greater  efficiency 
of  the  machines,  up  to  a  certain  point,  which  was  easily  obtainable 
by  trial  and  was  well  known  by  all  machine  makers. 

With  regard  to  the  question  of  efficiency  on  page  956  and  also 
throughout  his  Paper,  Mr.  Anderson  had  classed  COg  as  a  bad 
third,  and  doubtless  his  figures  showed  it ;  but  he  would  like  to 
ask  how  Mr.  Anderson  reconciled  actual  practice  with  this 
statement,  for,  taking  his  list  of  powers  given  on  page  1026  and 
powers  in  general  obtained  from  other  sources  of  information,  one 
found  figures  which  the  CO2  machine  could  easily  pass.  He  (the 
speaker)  could  show  CO2  machines  which  would  manufacture  in 
warm  countries  36  tons  of  ice  in  24  hours  for  84  electrical  h.p. ; 
and  in  speaking  of  CO2  machines  he  said  he  was  speaking  only 
of  ordinary  machines  with  clearances  far  in  excess  of  those  usually 
worked  on  ammonia  machines.  In  the  general  design  of  COg 
machines  it  had  been  considered  that  constant  reliability  of 
running  was  of  more  practical  value  than  absolute  efficiency,  so 
that  in  almost  all  designs  it  would  be  found  that  whilst  the 
ammonia  machine  was  very  often  built  with  suction-valves,  which 
if  broken  would  drop  entirely  into  the  cylinder,  such  a  design  had 
never  been  to  his  knowledge  carried  out  for  CO2  machines.  This 
point  was  raised  simply  to  show  that  if  COj  machines  were 
designed  in  the  same  risky  manner  as  an  ordinary  ammonia 
machine,  considerably  greater  efficiency  could  be  obtained  than  at 
present,  so  that  in  comparing  the  powers  of  one  machine  with 
another  these  points  of  risk  should  be  taken  into  consideration. 
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He  (Mr.  Bri^r)  was  in  a  position  to  show  that,  for  ordinary 
ice-making,  the  CO2  machine  would  hold  its  own  in  power  against 
the  ammonia  machine,  and  he  asked  the  question  as  to  where  the 
falling  off  took  place  in  the  figures  credited  to  the  ammonia 
machines.  Surely  there  was  some  point  which  Mr.  Anderson  had 
not  explained  and  which  was  not  accounted  for  in  any  of  the 
figures  he  gave.  Was  it  due  to  better  or  quicker  transmission  of 
the  heat  under  the  greater  pressure  of  CO2,  or  to  the  greater 
weight  or  inertia  of  the  CO2  gas  in  its  passage  of  the  valves  ?  He 
had  often  sought  an  explanation  of  this  point,  for  he  had  been 
constantly  told  that  CO2  (on  paper)  would  not  be  able  to  do 
anything  Kke  the  same  work  as  ammonia,  that  COg  could  never 
bring  a  cargo  of  frozen  meat  across  the  tropics,  that  COj  was 
dangerous  to  life,  etc.  These  points,  which  in  practice  were 
never  verified,  were  of  course  raised  by  those  who  at  the  birth  of 
the  CO2  machine  held  vested  interests  in  ammonia  machines. 

With  regard  to  the  use  of  copper  pipes  (page  960),  very  rarely 
had  he  found  copper  used  for  COg  evaporators,  and  then  only 
in  very  small  machines  where  lightness  or  compactness  was  desired. 
This  point  was  one  of  great  importance  to  the  marine  engineer, 
and  showed  how  much  more  suitable  CO2  was  for  marine  work 
than  ammonia,  owing#to  the  rapid  failure  of  wrought-iron  coils  if 
used  with  sea  water. 

He  wished  also  to  ask  Mr.  Anderson  his  reason  for  stating 
(page  985)  that  it  was  impossible  with  air  circulation  to  regulate 
temperatures  to  a  very  fine  point,  and  would  like  to  call  attention 
to  the  fact  that  attemperated  or  warm  brine  was  used  many  years 
prior  to  the  attemperator  referred  to  on  page  996,  and  was  still 
pubHcly  in  use  by  other  firms  both  on  closed  and  open  brine 
services.  There  appeared  to  be  a  misprint  on  page  992,  in  which 
the  figures  35°  and  38°  F.  were  given  as  the  temperature  of  the 
chilling  or  attemperated  brine.  He  also  desired  to  know  Mr. 
Anderson's  reason  for  advocating  the  use  of  CO2  on  passenger 
ships  and  ammonia  on  battleships. 

With  regard  to  Mr.  Anderson's  suggestion  for  testing  vapour- 
compression  refrigerating  machines,  he  would  like  to  suggest  that 
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most  of  the  points  raised  in  the  list  given  were  all  points  of 
interest  in  trials  made  in  almost  every  machine  shop.  Needless  to 
say,  many  of  them  did  not  always  appear  upon  the  log  sheets,  but 
were  well  known  and  standardized  points,  which  did  not  for 
comparison  require  repetition  in  that  manner. 

With  regard  to  the  standard  of  refrigeration,  it  would  be 
desirable  if  the  proposed  committee  would  give  consideration  to 
the  practical  side  of  the  question,  and  if  possible  to  arrange  a 
standard  test  such  as  could  be  carried  out  in  the  workshop  at  a 
higher  temperature  than  freezing,  without  the  necessity  of  using 
brine.  If  such  a  standard  test  or  unit  could  be  decided  upon, 
trials  could  be  made  with  accuracy  at  much  less  cost  and  trouble 
than  if  brine  were  used ;  at  the  present  moment  it  was,  he  thought, 
the  general  practice  to  prove  the  efficiency  of  a  plant  by  trial  in 
the  workshop,  whilst  cooling  water  at  60°  F.  or  thereabouts,  with 
circulating  water  of  the  same  initial  temperature.  Pure  water 
circulated  gave  the  most  reliable  means  of  directly  measuring  the 
number  of  thermal  units  eliminated,  and  was  easily  obtained  from 
any  convenient  source  at  little  cost,  and  had  moreover  the  advantage 
of  leaving  the  various  parts  of  the  plant  clean  and  less  liable  to 
damage  by  rust. 

Mr.  Arthur  G.  Enock:  thought  the  Papers  had  provoked  an 
immense  amount  of  discussion  which  was  bound  to  result  in 
something  very  useful  and  practical.  It  was  impossible  at  the 
short  time  at  his  disposal  to  go  fuUy  into  details,  and  he  would 
therefore  confine  his  remarks  to  one  or  two  important  sides  of  the 
refrigerating  question.  He  asked  the  Members  to  imagine  for  a 
moment  the  position  of  a  butcher  who  desired  to  buy  a  refrigerating 
machine  to  do  a  certain  amount  of  work  for  the  smallest  possible 
expenditure  of  power,  water,  repairs,  ammonia  or  carbonic  acid. 
Such  were  the  businesslike  requirements  of  a  shrewd  butcher  or 
a  cold-storage  owner,  which  had  added  to  the  experience  and 
sharpened  the  wits  of  refrigerating  machine  makers.  He  felt 
that  manufacturers  had  been  rather  pilloried  by  Mr.  Anderson, 
who  had  accused  them  of  not  having  made  scientific  research.     He 
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could  show  Tables  proving  that  scientific  research  was  being  made 
day  by  day  in  many  refrigerating  machine  manufactories,  and 
that  the  manufacturers  of  those  machines  were  trying  to  give 
the  butcher,  the  dairyman,  the  ice  manufacturer,  and  the  cold- 
storage  owner  as  many  units  extracted  for  as  little  power  and 
water  as  possible.  They  were  each  trying  to  do  better  than  the 
other,  and  much  had  been  done  by  careful  scientific  research  in  the 
factories  where  refrigerating  machines  were  made.  He  believed 
that  manufacturers  in  the  country  could  well  satisfy  the  buyer's 
keenest  demands. 

Those  present  had  been  listening  to  a  number  of  statements 
which  had  been  put  in  relation  to  each  other,  when  they  really  had 
no  relation  whatever  to  each  other.  Some  points  had  been  made 
about  dry  compression  and  wet  compression,  and  their  suitability 
for  refrigeration  or  ice-making  on  a  broad  scale ;  while  the  virtues 
or  vices  of  the  water-jacket  had  also  been  placed  before  them. 
Those  things  had  their  places  under  certain  specified  conditions, 
which  existed  in  a  plant  at  one  time  and  did  not  exist  at  another 
time.  For  instance,  a  horizontal  double-acting  ammonia  compressor 
operating  under  wet  compression  would  work  quite  well  until  the 
moment  arrived  when  it  became  necessary  to  pump  out  the  pipe 
system,  by  reason  of  a  joint  springing  a  leak  on  the  ammonia  pipe, 
or  from  another  cause.  When  the  pipe  system  had  to  be  pumped 
out,  the  horizontal  double-acting  compressor  acted  for  the  moment 
under  the  wet  compression  system ;  but  as  the  ammonia  vapour  was 
pumped  out  from  the  pipe  system,  a  rarefied  gas  was  gradually 
obtained.  Wet  compression  did  not  then  exist  any  longer,  but  dry 
compression  obtained  while  the  vapour  was  being  exti^acted  from 
the  pipe  system,  and  at  such  time  the  double-acting  horizontal 
compressor  required  a  water-jacket.  It  did  not  require  it  while 
working  under  the  wet  compression  system,  but  in  working  with 
rarefied  gas  the  piston-rod  began  to  get  blue,  the  packing  began 
to  blaze,  and  a  water-jacket  was  required. 

Another  condition  arising  in  working  cold  storage  placed 
the  supervising  engineer  very  often  in  great  difficulty  with  an 
unjacketed  double-acting   machine.       In  working  egg-coolers,  the 
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condition  of  the  air  for  the  best  storage  results  required  a  fairly 
high  temperature  in  the  air-cooler.  Under  such  conditions,  wet 
gas  could  not  be  properly  allowed  to  come  back  to  the  compressor, 
which  would  heat  up  unless  it  were  water- jacketed. 

On  general  principles  he  was  of  opinion  that  an  ammonia 
compressor  should  be  so  constructed  that  its  working  parts,  glands, 
packing,  and  the  like  should  not  require  any  particular  temperature 
of  ammonia  gas,  but  should  all  work  smoothly  from  a  mechanical 
point  of  view,  whether  there  were  ammonia  in  the  machine  or  not. 

He  had  made  those  remarks  to  illustrate  the  point  that  things 
ought  to  be  discussed  in  their  proper  relation.  Then  with  regard 
to  the  bursting  of  a  water-jacket,  it  must  be  remembered  that 
the  water-jacket  might  burst  if  it  were  enclosed,  whereas  it  would 
not  burst  if  it  were  not  enclosed.  Consequently,  the  vertical 
machine  with  the  jacket  open  at  the  top  was  a  more  suitable 
machine  to  have  a  water-jacket  than  the  horizontal  machine. 
Both  vertical  ammonia  and  vertical  carbonic  acid  machines  were 
made  to  work  with  water-jackets,  and  operated  very  successfully. 

Mr.  Anderson  made  the  following  important  statement  (pages 
966-7) :  "  Apart  from  purely  mechanical  considerations,  one  point 
in  the  design  of  a  compressor  stands  out  as  all  important,  that  is 
the  clearance  between  the  piston  and  covers  at  each  end  of  the 
stroke  must  be  a  mimimum — the  reason  being  that  the  compressor 
should,  if  possible,  draw  on  the  suction-valve  immediately  the 
return  stroke  begins.  The  vapour  that  remains  trapped  in  the 
clearance  space  is  at  the  superior  pressure  of  the  system,  and 
the  piston  must  travel  a  very  definite  distance  before  this  vapour 
can  expand  below  the  suction  or  inferior  pressure,  and  so  allow  the 
fresh  charge  to  be  admitted."  The  speaker  found  himself  in 
complete  agreement  with  this  statement,  but  was  a  little  surprised, 
in  a  Paper  on  "Vapour-Compression  Machines,  to  see  that  in  the 
types  of  compressor  illustrated  and  put  forward,  this  important 
question  had  been  practically  ignored.  But  it  should  be  borne  in 
mind  that,  while  operating  without  clearance,  provision  must  be 
made  for  safe  working.  It  often  happened  that,  instead  of  only 
pumping  ammonia  gas,  a  compressor  was  partially  pumping  liquid. 
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The  compressors  illustrated  in  Figs.  7,  8  and  9  (pages  966-8)  would 
almost  certainly  break  down  if  liquid  flowed  into  the  cylinder  along 
with  the  gas,  and  the  same  would  hold  good  with  regard  to  the 
machine  in  Figs.  13  and  14  (pages  973-5).  Frequent  accidents 
had  happened  with  compressors  of  those  types.  His  firm  had 
successfully  overcome  these  defects,  and  had  for  the  last  ten  years 
been  making  machines  which  would  pass  liquid  as  well  as  gas 
without  detriment  or  danger.  Such  a  machine  was  illustrated  in 
Fig.  55,  Plate  46. 

In  Fig.  55,  which  represented  an  enclosed  self-oiling  machine, 
the  gas  came  in  through  the  suction  stop-valve  A  down  the  suction- 
pipe  B  and  into  the  pistons  C  through  the  holes  in  upper  ends.  As 
the  piston  descended,  gas  passed  through  the  suction-valve  D  and 
(as  the  piston  ascended)  was  compressed  through  the  discharge- 
valve  E  along  the  passage  F,  up  the  discharge-pipe  F  (shown 
partly  behind  the  suction-pipe  B),  past  the  discharge  stop-valve  G 
into  the  condenser  coils  H.  The  water  i-unning  over  the  coils 
cooled  the  gas  and  caused  it  to  condense,  and  the  resulting  liquid 
ammonia  passed  out  through  the  small  pipe  J  into  a  receiver  (not 
shown),  and  was  ready  to  do  its  cooling  work  again  in  the  expansion 
coils  (not  shown).  The  crosshead  spring  K  allowed  the  crankshaft 
L  to  press  the  pistons  against  the  discharge-valve  seating  Y,  and 
thus  to  expel  all  the  gas  iviih  perfect  safety  and  to  pass  liquid  without 
danger. 

One  also  hoped  in  a  Paper  on  Refrigerating  Machines  to 
have  seen  something  about  the  question  of  volumetric  efliciency 
and  the  influence  upon  it  of  valve  designs.  In  the  compressors 
illustrated  in  Figs.  7  to  15  (pages  966-76)  the  suction  and  discharge 
valves  were  almost  aU  of  them  side  by  side  in  the  same  end  of  the 
machine,  and  the  valve  area  was  greatly  restricted.  Further,  the 
incoming  cool  gas  was  drawn  through  an  annular  space  in  the  warm 
discharge  head,  and  was  certain  to  be  wire-drawn  and  rarefied 
to  a  considerable  extent.  This  appeared  to  the  speaker  to  be 
bad  practice  from  the  volumetric  point  of  view.  The  machine 
illustrated  in  Fig.  55  was  provided  with  a  suction-valve  in  the 
piston,  of  a  very  large  diameter,  and  discharge-valve  in  the  head. 
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This  design  secured  a  free  inflow  of  gas  with  a  very  slight  lift  of 
the  valve,  and  a  large  discharge  passage  with  an  equally  slight  lift 
of  the  valve.  At  the  same  time,  the  cold  gas  came  through  the 
cool  piston  and  suction- valve  passage  instead  of  through  the  warm 
discharge  head. 

With  regard  to  the  question  of  the  unit,  a  man  buying  a 
refrigerating  machine  wanted  to  know  what  he  was  buying,  and 
the  various  manufacturers  had  different  ways  of  describing  the 
units  of  refrigeration  in  their  machines,  and  the  units  of  power 
required  per  ton  of  refrigeration.  If  the  sellers  of  the  machines 
were  to  try  to  specify  all  the  conditions  precedent  to  that  unit,  they 
would  so  hopelessly  confuse  the  buyer  that  he  would  wish  he  had 
never  taken  up  the  subject  at  all.  He  had  with  him  a  Table  which, 
for  argument's  sake  on  the  horse-power  question,  showed  a  variation 
of  0  •  7  h.p.  per  ton  of  ref i"igeration  to  3  •  5  per  ton  of  refrigeration — 
all  practical  figures  taken  from  actual  tests.  He  commended  that 
point  to  Mr.  Anderson  in  getting  out  his  unit  of  refrigeration  or 
power.  He  also  wished  to  suggest  to  Mr.  Anderson  that,  in 
making  any  scientific  research  on  the  subject,  he  should  get  every 
type  of  machine  installed  under  similar  conditions,  and  then 
ascertain  what  was  the  value  of  clearance  or  no  cleai'ance,  what 
was  the  real  value  of  water-jacket  or  no  water-jacket,  and  what 
was  the  value  of  wet  compression  or  dry  compression,  also  what 
type  of  compressor  possessed  the  highest  volumetric  efficiency.  Mr. 
Anderson  would  find  that  any  manufacturer  in  this  country,  who 
was  enterprising  enough  to  make  known  what  he  was  doing,  would 
let  him  test  his  machines  in  his  works  with  electrical  and  other 
appliances  to  determine  the  value  of  those  points. 

Mr.  John  Thom  desired  to  make  a  few  remarks,  not  as  a 
manufacturer  but  as  one  who  had  had  to  deal  with  the  running  of 
refrigerating  machines  of  various  makes  during  the  last  twenty 
years.  Going  back  to  that  time,  there  were  very  few  machines  in 
use  except  those  of  the  cold-air  class.  When  machines  of  the 
vapour-compression  class  were  introduced,  the  difi"erence  in  the 
power   required    to    drive   them   was   about   in   the   proportion  of 
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1  ton  of  coals  to  5  tons  with  the  air-compressor,  which  was  a 
radical  improvement.  When  refrigerating  machines  were  first  put 
on  board  ship,  they  were  installed  as  a  sort  of  auxiliary  after  all 
the  other  machines  had  been  put  on  board,  and  were  run  with  the 
same  boilers.  He  (Mr.  Thom)  remembered  well  the  extraordinary 
number  of  spare  parts,  etc.,  thought  necessary  for  a  refrigerating 
machine  at  that  time,  also  that  there  was  a  spare  machine  provided 
for  doing  the  same  amount  of  woi"k.  Vapour  machines  existed 
twenty  years  ago,  but  they  were  few  in  number,  and  shipowners 
were  rather  afraid  of  fitting  them,  in  case  of  damage  to  cargo  or 
passengers,  but  it  was  very  pleasant  to  hear  even  at  that  time  the 
difi'erence  in  the  amount  of  steam  consumed  in  the  one  machine 
compared  with  the  other,  namely,  about  as  5  to  1.  He  had  had  a 
few  of  the  different  kinds  of  vapour  machines  under  his  care  for 
some  years,  some  of  which  had  been  very  satisfactory,  and  had 
worked  with  a  very  small  coal  consumption,  while  others  had  been 
the  reverse.  The  machines  which  had  given  him  the  most  trouble 
were  not  the  NHg  nor  the  CO2,  but  the  SO2.  In  a  machine  of 
the  SO2  kind  which  had  been  running  under  his  charge  for  four 
or  five  years,  some  of  the  tubes  in  the  evaporator  had  been  entirely 
closed.     [Mr.  Thom  then  handed  in  a  sample  of  the  tube.] 

Most  of  the  speakers  in  the  discussion  were  manufacturers  of 
refrigerating  machines,  and  they  all  seemed  anxious  to  show  that 
their  firms  spent  time  and  money  on  the  scientific  side  of 
refrigeration,  and  that  every  one  of  their  machines  would  give 
the  very  best  results.  He  (Mr.  Thom)  remembered  having  a  machine 
under  his  charge  in  the  manufacture  of  which  very  little  science 
had  been  bestowed,  not  as  regards  its  principle  of  working,  but  in 
the  manufacturing  and  proportioning  of  the  article.  The  machine 
had  to  be  stopped  every  few  days,  pulled  to  pieces,  and  adjusted  in 
some  way  or  other  to  prevent  it  breaking  itself  to  pieces.  What 
was  the  good  of  science  if  the  constructor  did  not  carry  out  his 
part  properly  ?  It  was  all  very  well  talking  about  science  in  a 
drawing  oflice  and  before  such  a  Meeting  as  the  present,  but 
science  was  no  good  unless  it  was  practically  applied  to  the  strength 
of  materials  used  in  the  construction  of  oiie's  machines,  and  which 
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would  do  the  work  without  becoming  deformed.  The  SO2  machine 
was  a  very  economical  refrigerating  machine  in  theory  and  if  the 
evaporator  were  worked  above  atmospheric  pressure,  but  not  if  it 
were  worked  below  atmospheric  pressure.  The  speaker's  experience 
with  these  machines  had  been  most  unsatisfactory,  through  getting 
moisture  into  the  system  at  glands,  etc.,  which  in  time  caused  the 
evaporator  to  fur  up ;  this  did  not  happen  with  any  of  the  other 
refrigerants.  Moreover,  SO2  as  a  chemical  did  not  seem  to  be 
made  so  pure  as  NH3  or  CO2. 

On  page  963  an  NH3  condenser  was  shown  with  about  70 
connections  on  each  section,  which  in  these  days  of  elective  welding 
seemed  out  of  date.  He  thought  that  a  condenser,  or  any 
arrangement  on  a  refrigerating  machine  having  so  many  joints 
as  this,  was  the  worst  kind  one  could  have.  Many  of  the  joints 
were  screwed  and  soldered  at  the  makers'  works,  but  there 
was  the  possibility  of  them  leaking  under  peculiar  circumstances, 
such  as  rough  handling  in  getting  the  tubes  from  the  manufacturer 
to  the  place  at  which  they  were  going  to  be  fitted  up ;  consequently 
they  would  give  trouble  in  course  of  time.  Personally,  he  thought 
this  was  an  out-of-date  class  of  condenser.  A  condenser  with  four 
or  five  joints  per  section  would  be  much  more  reasonable. 

The  compressor  shown  (page  968)  had  a  delivery  valve  with  a  very 
large  am.ount  of  clearance  in  comparison  with  the  suction  ones.  On 
page  970  there  was  shown  a  12-inch  X  21 -inch  triplex  NH3 
compressor  di-iven  direct  from  the  tail-rods  of  the  steam-cylinders  ; 
this  tail-rod  connection  with  vapour  compressors  added  very 
considerably  to  the  clearance  of  the  compressors,  as  due  allowance 
had  to  be  made  in  the  compressor-cylinder  for  the  expanding  or 
contracting  of  the  steam  cylinder-rods.  He  (Mr.  Thom)  always 
advocated  compressors  being  connected  direct  to  the  crankshaft. 

Mr.  Cracknell,  who  spoke  on  the  absorption  machine  (page  1067), 
gave  them  the  figures  of  15^^  tons  of  ice  per  ton  of  coal  in  special 
cases  and  14  tons  of  ice  per  ton  of  coal  as  common  with  the 
absorption  machine.  Then  he  went  on  to  say  the  compression 
machine  made  only  13  tons  of  ice  per  ton  of  coal.  Mr.  Thom  was 
afraid  that  Mr.  Cracknell  selected  a  rather  uneconomical  plant  for 
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comparison.  He  himself  knew  of  large  compression  plants  making 
as  much  as  40  tons  of  ice  per  ton  of  coal  with  gas-engine  drive, 
and  simOar  size  plants  steam-driven,  making  regularly  23  to  25  tons 
of  ice  per  ton  of  coal. 

In  making  comparisons  between  NH3  and  CO2  machines,  the 
latter  reached  the  critical  temperature  in  the  tropics,  the  former 
not  so ;  engineers  experienced  this  when  they  had  condensing 
water  exceeding  85°  F.  The  author  spoke  of  NH3  machines  in 
battleships,  and  advised  blowing  off  the  charge  before  going  into 
action.  If  one  did  that,  how  was  the  magazine  to  be  kept  cool  ? 
If  this  was  necessary,  he  would  advise  fitting  CO2  machines  in 
place  of  NH3  machines  to  all  battleships. 

A  unit  of  refi'igeration,  if  it  could  possibly  be  arranged,  would 
be  an  excellent  thing  for  the  man  who  bought  a  refrigerating 
machine  and  also  the  man  who  had  to  look  after  it.  It  would  be  an 
advantage,  not  simply  from  the  point  of  view  of  marketing  only, 
but  as  a  method  of  comparison.  If  this  work  could  be  undertaken 
by  the  Institution  in  conjunction  with  manufacturers,  scientists  and 
those  who  actually  ran  refrigerating  machines,  much  good  would 
result. 

Mr.  Anderson,  in  reply,  said  it  was  evident  that  Professor 
Jenkin  had  given  considerable  thought  and  attention  to  the  subject 
of  refrigeration,  and  one  could  but  look  forward  with  interest  to  the 
publication  of  the  results  of  his  investigations.  No  one  could 
possibly  question  the  great  advantage  of  the  Centigrade  thermometer 
scale,  but  as  he  (the  author)  had  placed  one  of  the  two  outstanding 
wants  in  refrigeration  as  a  "  standard  ton  of  refrigeration,"  it 
seemed  quite  out  of  place  to  suggest  anything  so  revolutionary  as  a 
new  thermal  unit  displacing  the  British  thermal  unit.  As  he  had 
mentioned  on  page  998,  the  United  States  had  adopted  a  standard 
ton  of  refrigeration,  and  it  had  been  seriously  suggested  that  this 
country  should  adopt  the  same  unit,  namely,  288,000  B.Th.U.  per 
day  per  ton  of  refrigeration.  That  meant — for  the  purpose  of  that 
unit  at  any  rate — adopting  the  2,000-lb.  ton.  Any  committee 
appointed   to    consider    the   question    of    units   and    standards   in 
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refrigeration  would  probably  have  those  and  many  other  suggestions 
before  them. 

Mr.  Voorhees,  like  Mr.  Cracknell,  questioned  his  statement  with 
respect  to  the  ammonia  absorption  machine.  In  1906  he  had  the 
advantage  of  a  tour  in  the  United  States,  and  was  very  much 
impressed  by  the  number  and  the  size  and  efficiency  of  the 
absorption  machines  he  saw  at  work.  If  it  was  simply  a  question 
of  turning  out  so  many  pounds  of  ice  per  pound  of  coal,  he  would 
hesitate  to  place  the  compression  before  the  absorption  machine. 
Taking,  however,  the  many  points  which  had  to  be  considered 
when  dealing  with  refrigeration — such  as  meeting  overloads  and 
underloads,  and  such  questions  as  power  supply,  etc. — he  had  no 
hesitation  in  saying  that  s  the  compression  machine  was  destined  to 
keep  its  place,  as  being  by  far  the  most  commercially  important  of 
all  types,  but  he  was  as  equally  sure  that  absorption  machines  had 
not  received  the  attention  in  this  country  that  their  efficiency 
undoubtedly  merited. 

Mr.  Yoorhees  further  stated  (page  1058)  that  he  (the  author) 
had  overlooked  the  question  of  superheating  in  the  compressor,  and 
its  effect  on  the  volumetric  efficiency.  As  a  matter  of  fact  he  had 
not  by  any  means  overlooked  that  important  point.  On  page  1021 — 
the  page  referred  to  by  Mr.  "Voorhees — he  said  j  in  the  second  line, 
"  and  allowing  for  losses  at  the  regulating  valve,  influx  of  heat  into 
the  pipe  connections  and  cold  parts,  and  by  superheating  in  the 
compressor,  450  B.Th.U.  per  pound  of  ammonia  circulated  may  be 
taken  as  available  refrigerating  effect."  In  so  long  a  Paper  it  must 
have  been  that  Mr.  Voorhees  had  overlooked  those  words,  and  his 
attention  arrested  by  the  9  •  1  cubic  feet  lower  down.  To  make 
allowance  for  superheating,  he  (Mr.  Yoorhees)  would  increase 
that  value  to  about  10*7  cubic  feet.  If  that  were  done,  the  value 
450  B.Th.U.  would  need  to  be  increased,  and  the  value  of  the  fraction 
which  was  given  in  the  centre  of  page  1021  would  in  consequence 
remain  exactly  the  same.  Personally,  he  preferred  to  make 
allowances  for  all  estimated  losses  at  one  operation,  and  the  figures 
as  given  were  perfectly  correct  and  the  size  of  the  compressor  need 
not   be   increased    by  17^  per   cent,    as   Mr.   Voorhees  suggested, 
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He   thanked  Mr.   Voorhees   for  his   valuable   conti'ibution  to   the 
discussion. 

With  regard  to  the  remarks  of  Mr.  WiUcox,  he  knew  the 
leading  makers  of  refrigerating  machinery  kept  thoroughly  abreast 
of  their  work  in  all  departments — scientific  and  practical — in  fact, 
as  he  had  written,  "  quite  in  keeping  with  the  best  traditions  of  the 
British  engineer."  Nevertheless  he  must  emphasize  what  he  liad 
written  at  the  top  of  page  950,  that  no  branch  of  mechanical  science 
had  received  less  aid  in  this  country  from  published  research  or  from 
accounts  of  practical  progress  than  that  of  mechanical  refrigeration. 
He  did  not  realize  how  poor  this  country  was  in  the  literature  of 
the  subject  until  he  set  to  work  on  the  Paper.  Other  countries  had 
certainly  m.ore  literature,  but  the  bewildering  conflict  of  results  and 
opinions  led  him  to  think  that  in  this  country  they  were  better  ofi' 
with  a  comparatively  clean  slate.  An  immense  amount  of  work 
remained  to  be  done,  and  he  was  glad  of  the  support  of  Professor 
Jenkin  in  his  opinion  that  one  of  the  greatest  needs  was  reliable 
data  as  to  the  refi'igerants  themselves.  When  Mr.  Willcox  was 
trying  to  persuade  the  Institution  that  no  further  research  was 
necessary,  he  (the  author)  remembered  the  fact  mentioned  by  Mr. 
Hodsdon  that  the  U.S.A.  Congress  had  just  voted  $15,000  "  for 
investigation  incident  to  the  establishment  of  units  and  standards 
of  refrigeration  and  the  determination  of  the  physical  constants  of 
materials  used  in  the  refrigeration  industries,  such  as  ammonia, 
aqueous  ammonia  solutions,  cai^bonic  acid,  brines,  etc."  The  request 
for  that  vote  came  from^  the  American  Association  of  Refrigeration, 
and  their  petition  included  the  words,  "  the  work  of  this  Association 
and  the  entire  refrigerating  industry  has  been  hampered  from  its 
inception  from  lack  of  definite  basic  standards  upon  which  the 
art  of  refrigeration  is  based."  Ice  and  Befrigeration  for  September 
1912,  in  commenting  on  that  grant,  said,  "It  marks  a  distinctive 
step  in  the  advancement  of  the  industry  toward  higher  achievement 
made  possible  through  the  use  of  oflScially  authenticated  basic 
data  upon  which  refrigerating  engineers  of  the  world  may  rely." 
He  reminded  the  members  that  his  Paper  as  printed  was  finished 
in  February  1912,  and  the  vote  to  which  reference  was  now  made 
was  taken  in  September  1912, 
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As  to  Mr.  Willcox's  question  as  to  what  was  meant  by  "  a 
standard  refrigerating  machine  of  comparison,"  he  would  say  it 
was  a  standard  machine  by  which  the  efl&ciency  (coefficient  of 
performance)  of  other  machines  could  be  compared  at  any  time 
and  under  any  conditions.  The  standard  engine  of  comparison  for 
reciprocating  steam-engines  was  one  working  upon  the  Rankine 
cycle,  A  B  C  D,  Fig.  34  (page  1011).  A  possible  standard  refrigerating 
machine  was  the  reverse  of  that,  namely,  A  D  C  B.  Since  the  Paper 
was  read,  and  having  Mr.  Willcox's  question  in  mind,  Mr.  G.  W. 
Daniels,  an  engineering  student  of  the  University  of  Liverpool, 
had  plotted  to  scale  a  diagram  similar  to  Fig.  34  for  an  ammonia 
machine  working  between  14°  F.  and  68°  F.,  and  had  found  that  a 
machine  working  on  the  ordinary  cycle,  approximately  F  D  C  B, 
Fig.  34,  showed  a  falling  off  from  the  reversed  Rankine  cycle, 
A  D  C  B,  of  6*7  per  cent.  That  indicated  how  a  comparison  might 
be  made,  and  incidentally  showed  the  value  of  undercooling.  It 
might  be  further  remarked  that  a  standard  machine  of  comparison 
would  make  the  system  of  heating  the  condensing  water  to  a 
specified  temperature  during  a  test  quite  unnecessary. 

Captain  Sankey  would  notice  that  he  (the  author)  had 
mentioned  the  standard  machine  of  comparison  on  page  1000  and 
nowhere  else.  He  agreed  entirely  with  the  figures  given  by 
Captain  Sankey  (page  1070),  who  had  made  one  of  the  most  valuable 
contributions  to  the  discussion.  There  were  many  different  cycles 
on  which  a  machine  might  work,  and  one  or  two  of  them  had  been 
suggested  in  the  course  of  the  discussion,  while  one  in  particular 
had  lately  been  prominently  put  before  the  public  by  Mr.  Voorhees 
and  Mr.  Stokes  (see  Communication  by  Mr.  Stokes,  page  1130), 
while  there  was  also  Dr.  Grindley's  cycle.  It  was,  perhaps,  just  as 
well  that  he  had  not  gone  any  further  into  the  suggested  standard 
machine,  because  aU  these  different  cycles  would  have  to  be  very 
carefully  thought  out  before  a  definite  cycle  could  be  fixed  upon. 

With  reference  to  Mr.  Harrap's  remarks  (page  1071),  he  would 
like  to  refer  pai-ticularly  to  the  work  done  by  Mr.  T.  B.  Lightfoot, 
whose  very  valuable  Paper  was  written  in  1886.  He  (the  author) 
took  the  work  up  from  the  point  left  by  Mr.  Lightfoot,  and  those 
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who  read  that  Papei*  carefully  would  note  that  the  advancement 
had  not  been  by  any  means  so  marked  as  some  of  the  speakers 
would  like  to  make  out.  He  had  not  in  any  way  attempted  any  of 
the  work  that  Mr.  Lightfoot  had  covered  so  well,  and  anyone 
studying  the  subject  of  i-efrigeration  should  not  fail  to  read  the 
earlier  Paper.  Another  point  mentioned  by  Mr.  Harrap  was  that 
it  was  possible  to  theorize  as  m.uch  as  one  liked,  but  when  it  came 
to  practice  very  large  allowances  had  to  be  made.  He  had  in 
Appendix  Y  (page  1021)  given  the  barest  outline  of  the  design  of 
an  ammonia  machine,  and  in  the  columns  and  Tables  that  were 
given  on  page  1027  the  great  amount  that  had  to  be  allowed  for 
leakage  of  heat  into  the  machine  would  be  noticed.  He  thought 
that  those  who  took  up  the  testing  of  refrigerating  machines  often 
overlooked  that  very  important  point,  and  sometimes  lost  heart 
because  their  heat  balances  would  not  work  out. 

He  had  to  thank  Mr.  Tyler  very  much  for  his  contribution  to 
the  discussion  (page  1075),  one  of  the  main  points  he  mentioned  being 
that  of  rating.  The  Americans  had  adopted  the  figure  of  12,000 
(page  998),  the  same  as  he  (Mr.  Tyler)  had.  When  a  machine  was 
rated  at  so  many  tons  of  refrigeration  it  might  perform,  say  x  tons 
of  refrigeration  under  certain  conditions,  and  y  tons  under  other 
conditions.  What  was  required  was  a  standard  whereby  it  could 
be  said  that  the  machine  under  standard  conditions  of  temperature 
would  be  rated  at  a  definite  amount ;  and  then  if  it  was  used  for 
cooling  milk  it  would  eliminate  a  larger  number  of  thermal  units 
per  day,  because  its  coefficient  of  performance  would  be  very  much 
higher.  If,  on  the  other  hand,  it  was  making  ice  it  would  be 
correspondingly  less.  It  did  not  really  matter  whether  the 
temperature  was  32°  or  0°  so  long  as  the  standard  was  fixed,  but 
Mr.  Tyler's  suggestion  of  32°  F.  was  certainly  worthy  of 
consideration,  but  in  any  case  an  upper  limit  would  also  be 
required,  say  70°,  80°  or  90°  F.  He  liked  Mr.  Tyler's  term—"  a 
frigid  ton."  "  A  ton  of  refrigeration  "  was,  as  Mr.  Tyler  said,  rather 
ponderous,  and  it  was  just  possible  that  if  a  Committee  were 
formed,  some  short  term  might  be  decided  upon.  Mr.  Tyler's  idea 
of  making  the  uses  practically  the  same  for  the  parts  shown  on  the 
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diagram  given  on  page  952  was  quite  a  good  one  from  a  practical 
point  of  view,  but  in  that  case  it  had  to  be  borne  in  mind  that 
the  temperatures  and  pressures  would  be  reversed.  As  it  was  at 
present,  the  temperatures  and  pressures  were  kept  in  each  vessel 
relatively  the  same,  while  the  cycle  traced  out  was  the  reversed 
Rankine  cycle,  and  from  a  theoretical  point  of  view  this  had  much 
to  recommend  it.  He  agreed  entirely  with  Mr.  Tyler  regarding 
wet  and  dry  compression.  Personally,  he  believed  that  the  CO2 
machine  was  better  worked  rather  on  the  wet  side,  the  JSTHg 
machine  a  little  on  the  dry  side,  and  the  SO2  machine  decidedly 
dry. 

With  regard  to  Mr.  Hodsdon's  remarks  (page  1080),  personally 
he  very  much  regretted  that  Messrs.  Linde  and  Messrs.  Hall  found 
it  impossible  to  let  him  have  some  diagrams  of  their  machines,  and 
the  Paper  for  that  reason  was  not  perhaps  as  representative  as  it 
might  have  been,  but  the  other  makers  had  kindly  supplied  aU  that 
was  necessary. 

Mr.  Brier  (page  1094)  said  that  the  author  had  referred 
unfavourably  to  CO2  machines,  placing  CO2  a  very  bad  third. 
This  was,  of  course,  theoretically.  On  page  956  he  had  used  the 
words  "  here  again  really  reliable  comparative  tests  are  wanting," 
and  also  the  words  "  if  reliable  tests  proved  CO2  to  be  as  inefl&cient 
as  theory  points  out,"  while  on  page  1028  he  had  written  "  that  much 
study  and  careful  research  is  required  to  put  the  knowledge  of  this 
class  of  machine  on  a  satisfactory  basis."  This  was  the  crux  of  the 
situation ;  theory  pointed  one  way,  practice  apparently  another, 
and  surely  these  were  ideal  conditions  for  research,  which  he  would 
again  urge  was  greatly  needed. 

The  President  reminded  him  the  usual  time  for  adjournment  had 
long  been  exceeded,  and  in  consequence  he  would  reply  in  writing 
to  the  other  points  that  had  been  raised  (see  page  1135). 
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Communications. 

Mr.  Alexander  E.  Beck  wrote  that  the  "  double-pipe " 
condenser,  described  and  illustrated  on  pages  964-5,  had  a 
multiplicity  of  joints  which  increased  the  chances  of  loss  by- 
leakage,  and  he  thought  that  if  it  were  exposed  to  a  moist  or 
damp  atmosphere  and  neglect,  surely  corrosion  would  make  it 
difficult  to  eJBfect  repairs.  If  Mr.  Anderson  could  give  the  result 
of,  say,  four  or  five  years'  wear  and  tear,  it  would  be  of  interest 
to  many. 

Fig.  19  (page  981)  illustrated  a  typical  milk-cooling  plant  as 
used  by  dairymen,  and  with  regard  to  this  class  of  refrigeration, 
with  which  the  writer  had  had  considerable  experience,  the  point 
to  be  considered  was  that  dairymen  required  quick  action, 
whether  they  pasteurized  or  not.  It  seemed  a  very  simple 
problem  to  cool  at  the  rate  of  200  or  300  gallons  of  milk 
per  hour  from,  say,  70°  to  40°  F. ;  this  was  not  so,  and  by 
manufacturers  of  refrigerating  machinery  the  duty  of  the 
refrigerating  plant  was  often  under-estimated.  In  dealing  with 
either  large  or  small  quantities  of  milk,  it  was  essential  to  have 
a  fair  quantity  of  the  cooling  medium  in  circulation ;  otherwise 
a  larger  refrigerating  plant  was  necessary.  Some  twenty  years  ago 
this  fact  was  very  forcibly  brought  to  the  notice  of  his  firm  when 
they  devised  the  "  storage  system,"  which  consisted  of  an  elevated 
brine  storage-tank  from  which  the  cold  brine  was  led  to  the  milk 
cooler  and  flowed  by  gravity  back  to  the  evaporator  or  a  lower 
brine  tank  of  equal  capacity  to  the  elevated  tank.  By  this  means 
the  cooling  medium  might  be  cooled  by  the  refrigerating  plant 
preparatory  to  cooling  the  milk,  and  thereby  a  smaller  plant 
employed  effectively  for  the  purpose. 

On  page  1021,  4*53  cubic  feet  of  compressor  displacement  per 
minute  per  ton  of  refrigeration  per  day  was  given.  The  writer 
presumed  this  should  be  multiplied  by  2  for  ice  making  (roughly), 
which  would  be,  say,  9  cubic  feet  per  minute  per  ton  of  ice  per  day. 
He   would   refer   to   the   result   of   an  analysis   of    displacements 
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provided  for  by  six  firms,  who  submitted  estimates  for  the  supply  of 
plant  to  make  15  tons  of  ice  per  24  hours.  They  were  as 
foUows : — 


No.  1     . 

.     10-2 

cubic  feet  displacement 

No.  2     . 

.     13-2 

No.  3     . 

.     12-15 

No.  4     . 

.     13-0 

No.  5     . 

.     15-4 

No.  6     . 

.     12-73 

The  condensing  water  was  specified  as  80°  F.,  and  there  was  an 
abundance  of  it.  No.  5  machine  exceeded  the  specified  duty  by 
5  per  cent,  on  test  runs.  The  area  of  condenser  surface  per  ton 
per  24  hours  averaged  from  70  to  80  square  feet,  and  area  of 
evaporator  surface  about  80  square  feet  per  ton  per  24  hours. 
Comparison  with  these  figures  seemed  to  indicate  that  too  little 
was  allowed  for  compressor  displacement  by  Mr.  Anderson,  even 
having  regard  to  the  temperature  taken  as  a  basis. 


Mr.  E.  J.  BucKTON  (Tilbury  Docks)  thought  the  present  rapid 
growth  of  cold  storage  would  be  accompanied  by  many  changes  and 
developments  of  refrigerating  plants  by  competing  manufacturers 
both  at  home  and  abroad.  As  the  number  of  classes  of  goods  to  be 
preserved  increased,  specially  designed  chambers  would  be  brought 
into  use  and  cooling  systems  would  be  devised  to  suit  the 
requirements  of  each  kind  of  merchandise  and  local  conditions ; 
and  the  types  of  cold  stores  were  likely  to  multiply  in  number 
rather  than  decrease.  On  the  other  hand,  only  a  few  types  of 
compressors  were  really  necessary  to  meet  all  possible  demands, 
and  the  tendency  should  be  towards  standardization. 

Horizontal  compressors  had  been  extensively  used  for  years, 
and,  as  Mr.  Anderson  had  pointed  out,  they  were  to  a  certain 
extent  standardized.  There  were  many  successful  vertical 
compressors  in  use,  but  the  manufacture  of  the  vertical  type  had 
been  lately  discontinued  by  at  least  one  important  firm  in  favour 
of  the  horizontal  compressor.  In  the  past,  most  large  compressors 
had  been  driven  by  an  independent  plant,  usually  steam,  but  the 
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majority  of  cold  stores  were  situated  at  important  ports  and  in  large 
towns,  where  in  these  days  electric  current  was  obtainable  at  rates 
sufficiently  low  to  have  brought  about  the  supplanting  of  steam- 
engines  by  electric  motors,  and  many  compressor  stations  had 
recently  been  converted,  usually  by  disconnecting  the  direct  steam- 
drive  and  substituting  a  belt-di'ive  from  a  separate  motor  to  the 
fly-wheel.  Chain-gears  with  spring  wheels  had  also  been  used,  but 
not  always  with  complete  success. 

At  the  present  time,  where  electric  power  was  available, 
compressors  other  than  very  small  ones  were  usually  specified  to 
be  belt-driven.  Slow-speed  direct-coupled  motors  were,  in  some 
cases,  used  for  small  powers,  and  a  number  of  horizontal 
compressors  had  been  built  with  a  helical  pinion  gearing  with 
the  fly-wheel,  but  it  was  doubtful  if  this  drive  would  be  adopted 
to  any  extent  for  very  large  horizontal  machines,  unless  the  present 
designs  were  modified  to  give  a  more  uniform  crank-efFort  diagi'am. 
It  would  be  interesting  to  know  how,  during  the  next  few  years, 
manufacturers  would  meet  these  altered  conditions. 

With  a  geared  motor  drive,  the  higher  the  compressor 
revolutions  the  better.  This  favoured  a  return  to  the  vertical 
short-stroke  type,  but  it  was  probable  that  the  stroke  would  be 
shorter  relative  to  the  diameter  than  formerly  and  the  revolutions 
greater.  Also,  the  higher  powers  would  be  obtained  by  increasing  the 
number  rather  than  the  dimensions  of  the  cylinders.  Mr.  Anderson 
had  spoken  of  the  advantage  of  reducing  the  clearance  to  a  minimum, 
and  this  was  most  important  when  the  compressor  cylinder  was 
short  and  single  acting.  There  were  several  mechanical  contrivances 
in  use  for  giving  no  clearance,  which  were  worthy  of  careful 
investigation.  Up  to  the  present,  the  horizontal  double-acting 
compressor  had  more  than  held  its  own,  and  in  England  the  larger 
plants  were  almost  exclusively  of  this  type ;  but  the  existence  of 
central  electric  power  stations  in  the  large  towns  might  bring 
about  important  changes  in  compressor  design,  and  it  remained  to 
be  seen  if  a  multiple-cylinder,  high-revolution  type  of  geared 
machine  would  oust  the  present  partially  standardized  horizontal, 
long  stroke,  belt-driven  machine  from  its  present  position. 

4  G 
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Mr.  W.  S.  Douglas  wrote  that  he  thought  his  firm  (Messrs. 
William  Douglas  and  Sons,  Putney)  was  the  only  one  in  this 
country  making  SO2  machinery,  and  that  the  following  remarks 
might  not  be  inappropriate. 

Dr.  Grindley's  speculation  was  interesting,  particularly  from  the 
mathematical  thoroughness  with  which  he  had  followed  it  through, 
but,  as  he  said  himself,  the  principal  benefit  would  be  to  COg 
machines.  SOg  and  NH3  machines  would  reap  a  very  much  smaller 
theoretical,  and  probably  a  negligible  practical,  advantage  from 
the  cycle.  In  any  case,  the  writer's  own  experience  was  that  the 
most  efficient  of  water-jackets,  even  with  an  ample  supply  of 
cold  condensing  water,  still  left  one  very  far  from  isothermal 
compression.  The  heat  of  compression  was  generated  so  quickly 
that  the  cylinder  walls  could  not  transmit  it  in  the  time.  He  was 
afraid  therefore  that  the  cycle,  except  in  a  very  imperfect  form, 
would  be  impracticable. 

With  regard  to  Mr.  Anderson's  Paper,  he  (the  writer)  was 
personally  quite  in  favour  of  public  research  work,  and  would 
welcome  the  standardization  of  the  refrigerating  ton,  which  should 
be  a  round  figure,  for  the  purpose  of  simplifying  calculations  ;  he 
hoped  that  the  temperatures  or  pressures  of  evaporation  and 
condensation  would  be  clearly  fixed.  He  would  also  like  to  add  to 
Mr.  Anderson's  subjects  for  research  work  the  Transmission  of 
Heat  across  Coil  Surfaces.  No  exact  laws  had  so  far  been  formulated, 
except  in  the  roughest  and  most  empirical  fashion,  to  govern  this 
transmission,  as  far  as  concerned  the  refrigerating  engineer,  and  the 
laws  governing  heat  ti'ansmission  in  steam-pipes,  etc.,  were  found 
not  to  apply.  He  would  also  suggest  the  standardization  of  the 
physical  data  for  each  refrigerant  both  in  Fahrenheit  and  in 
Centigrade  units,  and  the  publication  of  standard  Tables. 

With  reference  to  Mr.  Anderson's  remarks  concerning  SO, 
machines,  the  writer  would  like  to  add  one  more  to  the  advantages 
which  these  machines  possessed.  This  was,  that  liquid  SOj  was  a 
lubricant  and  that  consequently,  if  the  cylinder  of  an  SOg  machine 
were  water-jacketed,  it  was  quite  unnecessary  to  lubricate  its 
interior.      It    followed    that    lubricating   devices,    oil    separators, 
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rectifiers,  etc.,  were  not  required  with  this  type  of  machine,  and  its 
construction  was  thus  considerably  simplified.  He  noticed  that 
Mr.  Thorn  (page  1101),  speaking  as  a  user,  said  that  the  SOg  machine 
gave  him  most  trouble.  He  referred,  no  doubt,  to  German,  or  at 
any  rate  to  foreign  machines.  If  he  were  to  try  a  British-made 
SO2  plant,  the  writer  was  certain  that  Mr.  Thom's  opinion  would  be 
exactly  reversed.  The  writer's  firm  now  manufactured  SO2  machines, 
and  had  at  one  time,  and  for  a  number  of  years,  sold  CO2  machines 
of  another  make.  It  had  been  their  experience  that  SO2  as  a  gas 
was  much  more  easy  to  deal  with  than  CO2,  and  that  far  less 
trouble  was  incurred  both  in  running  and  in  manufacturing  the 
machines. 

Mr.  Thom  also  stated  that  SOj  machines  did  not  work  well  below 
atmospheric  pressure.  Probably  this  experience  was  gathered  from 
the  machines  above  referred  to,  but  the  writer's  experience  had  been 
quite  the  contrary.  Air,  of  course,  got  into  SO2  machines,  as  well 
as  into  others,  but  in  no  greater  quantities  and  with  no  worse 
results.  In  this  connection  it  was  well  to  remember  that,  with  the 
gas  evaporating  at  0°  F.,  the  vacuum  required  was  only  4  lb.  below 
atmosphere — a  difference  in  pressure  which  could  hardly  be  called 
dangerous.  His  own  firm  would  be  most  pleased  to  take  part  in  a 
conference  to  discuss  a  British  Standard  ton  of  refrigeration,  should 
such  a  conference  be  called. 

Mr.  Joseph  Hill  (Sheerness  Water  Works)  wrote  that  he 
considered  Mr.  Anderson's  Paper  to  be  the  best  on  this  subject 
since  Professor  (now  Sir  James)  Ewing  delivered  his  lectures  in 
1896—7.  Dr.  Grindley's  Paper  was  of  great  interest  in  that  it 
showed  how  more  work  could  be  got  from  the  refrigerant.  The 
chief  difficulty  lay  in  having  to  deal  with  a  dry  gas,  which  would  of 
course  be  fatal  to  machines  of  the  Linde  type,  owing  to  trouble  with 
the  glands.  No  water-jacketing  could  be  effective  in  practice,  the 
heat  not  being  passed  quickly  enough  through  the  cylinder  walls. 
If  the  new  cycle  were  tried,  it  would  be  advisable  to  use  a  machine 
built  on  the  De  La  Vergne  system  with  oil  injection  and  a  long 
stroke  slow  speed. 

4  G  2 
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Mr.  Robert  Knox  wrote  that  he  was  personally  interested  in 
the  subject  of  refrigeration,  having  been  engineer  for  three  years 
to  an  ice  company  in  the  tropics,  and  as  the  working  conditions  in 
hot  countries  were  usually  very  different  from  those  obtaining  in 
more  temperate  climes,  his  remarks  might  perhaps  be  of  interest. 
In  Colombo,  Ceylon,  he  had  had  charge  of  refrigerating  plant 
comprising  three  separate  units,  making  2,  6,  and  18  tons  of  ice 
per  day  respectively,  giving  a  total  output  of  26  tons  of  ice  per  day 
of  24  hours.  AU  the  units  were  steam  driven,  and  the  refrigerating 
agent  employed  was  sulphurous  anhydride  (SOg).  There  were  three 
other  ice  factories  in  Colombo,  aU  having  "  ammonia  "  machines,  and 
as  regards  the  merits  of  the  one  refrigerating  agent  over  the  other, 
he  believed  that  SOg  was  more  suitable  for  the  tropics  on  account  of 
the  lower  pressure  obtained  with  it  in  the  compressor  cylinder  of  the 
plant,  as  compared  with  the  higher  pressure  obtained  when  ammonia 
was  used. 

One  drawback  with  SO^  was  the  danger  of  air  leakage  when  the 
temperature  of  the  brine  fell  so  far  as  to  bring  the  SO2  in  the 
suction  side  of  the  machine  under  atmospheric  pressure.  With 
ordinary  care  and  supervision,  however,  there  was  little  danger  of 
an  air  leak,  but  when  a  leak  did  occur  the  consequences  were 
unfortunately  not  detected  for  some  time,  and  only  then  by  noticing 
the  increased  pressure  in  the  compressor-cylinder  and  the  failure  of 
the  plant  to  lower  the  temperature  of  the  brine  by  the  usual  amount 
in  a  given  time.  A  small  leak  on  the  pressure  side  of  the  plant 
was  as  a  rule  readily  found  by  testing  with  litmus  paper,  but  it  was 
not  so  easy  to  locate  a  leak  on  the  suction  side,  because,  while  the 
plant  was  working,  air  would  be  drawn  in,  and  before  a  leak  could 
be  found,  it  was  usually  necessary  to  stop  the  plant  and  investigate. 
In  spite  of  the  chance  of  this  occasional  trouble,  however,  he  believed 
that  the  SOg  machine  was  the  best  for  hot  countries. 

As  a  whole,  the  plant  under  the  writer's  charge  was  satisfactory 
in  working,  but  the  two  smaller  units  were  more  economical  than 
the  larger  one.  In  this  connection  he  thought  that  designers  of 
refi'igerating  plant  did  not  fully  appreciate  the  conditions  obtaining 
in   the   tropics,  as   although   a   small   unit   would   work  with   an 
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economy  only  slightly  less  than  with  the  same  machine  working  at 
home,  it  would  appear  from  his  own  experience  that  the  larger  the 
machine  the  greater  the  drop  would  be  in  output  as  compared 
with  its  performance  at  home.  For  example :  The  2-ton  machine 
was  always  up  to  time  Avith  its  ice,  turning  out  2  tons  every 
24  hours  as  regularly  as  the  clock.  The  6-ton  unit  was  not  quite 
so  efficient,  and  required  as  a  rule  longer  time,  while  the  18-ton 
machine  was  still  less  efficient,  and  usually  required  from  1^  to 
3  hours  over  the  24  to  make  its  full  rated  output  of  ice.  This 
performance  of  the  large  machine  was  unsatisfactory,  because  it 
was  necessary  for  the  business  to  have  the  ice  ready  for  lifting  at 
6  a.m.  every  morning,  and  this  requirement  was  only  met  by 
reducing  the  output  of  the  plant  by  4  or  5  cwt.  of  ice  per  day. 

He  attributed  the  relatively  unsatisfactory  working  of  ice  plant 
in  the  tropics  as  compared  with  identical  plant  at  home  to  three 
causes,  namely  : — 

First,  the  attendants  were  usually  natives  of  the  country,  and 
although  their  capabilities  were  fairly  good  for  running  a  steam- 
plant,  as  would  be  expected  they  were  not  so  intelligent  as  the 
men  at  home  when  put  to  watch  a  refrigerating  plant.  In  the 
writer's  opinion,  such  plant  was  the  most  difficult  plant  to  work 
so  as  to  get  continuously  good  results,  and  as  so  much  of  its 
efficiency  depended  on  the  correct  setting  every  hour  or  so  of 
the  valve  regulating  the  flow  of  the  refrigerating  agent  from  the 
condenser  back  to  the  evaporator,  it  required  an  attendant  of  more 
than  the  average  native  intelligence.  When  it  was  understood 
that  ice-making  plant  in  the  tropics  usually  ran  day  and  night 
for  weeks  without  a  stop,  and  that  it  was  not  possible  for  the 
European  engineer  in  charge  to  be  on  duty  all  the  time,  it 
would  be  seen  that  many  things  might  happen  which  were 
detrimental  to  the  efficiency  of  the  plant. 

The  second  cause  was  the  much  higher  initial  temperature  of 
the  water  in  the  tropics  from  which  ice  was  to  be  made,  as 
compared  with  the  temperature  of  the  water  at  home,  and  this, 
coupled  with  the  higher  temperature  of  the  atmosphere  of  warm 
climes,    put   a   greater   load    on   a    machine   working   under   such 
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conditions  as  compared  with  an  identical  plant  at  home ; 
consequently  there  was  a  drop  in  efficiency  and  output  due 
to  this. 

The  third  cause,  and  the  one  which  he  found  to  teU  most 
against  the  performance  of  ice  plant  in  the  tropics,  was  the 
extremely  high  temperature  of  the  condensing  water  available. 
It  would  perhaps  astonish  those  engaged  in  designing  ice  plant  to 
see  from  the  following  Tables  of  observations  (page  1118)  that  at 
times  the  temperature  of  the  water  at  the  condenser  inlet  was  as 
high  as  36''  C.  (96*8°  F.).  Had  there  been  running  water  near  to 
the  factory,  the  temperature  would  never  have  been  so  high,  but 
in  common  with  the  three  other  factories  in  Colombo  they  had  to 
use  the  water  of  an  inland  lake  which  was  very  shallow,  had  much 
decaying  vegetable  matter  in  its  water,  and  was  heated  all  day  by 
a  tropical  sun. 

Matters  like  the  three  just  mentioned  were  sometimes 
overlooked  by  designers  of  ice  plant  at  home,  and  also 
unfortunately  by  those  requiring  plant  for  the  tropics,  and  it 
could  not  be  too  carefully  kept  in  mind  that  a  plant  designed  for 
home  service,  or  on  a  wrong  knowledge  of  the  conditions  obtaining 
in  hot  countries,  would  almost  certainly  be  inefficient,  due  to  any 
or  all  of  the  causes  he  had  stated. 

The  18-ton  machine  with  which  the  writer  had  to  do  was 
designed  by  the  makers  to  suit  a  temperature  of  condensing  water 
of  30°  C.  (86''  F.),  and  the  engine  power  was  fixed  at  70  h.p.,  but 
as  the  maximum  temperature  of  the  condensing  water  rose  at 
times  to  36^  C.  (96-8°  F.),  it  was  found  that  100  h.p.  was  required 
for  the  working  of  the  plant.  The  makers'  statement,  made  after 
this  plant  had  been  put  to  work,  was  as  follows :  "In  aU  ice 
machines,  of  whatever  type  they  may  be,  the  necessary  power 
required  increases  by  5  per  cent,  for  each  degi^ee  (Centigi-ade)  of 
the  condensing  water  above  30°  C."  The  condensing  water  was 
often  6°  C.  above  the  figure  mentioned  by  the  makers,  and  the 
extra  power  which  was  required  over  the  rated  power  of  70  h.p. 
approximated  to  the  amount  estimated  in  accordance  with  the 
makers'  statement,  namely,  about  30  per  cent,  due  to  the  condensing 
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water  being  at  36°  C.  instead  of  30°  C.  As  regards  the  quantity 
of  condensing  water  required,  the  makers  said :  "  The  quantity  of 
condensing  water  must  increase  as  the  temperature  increases,  and 
for  the  18-ton  plant,  if  the  temperature  is  34°  C.  the  minimum 
quantity  of  condensing  water  should  be  14,000  litres  per  hour, 
with  a  difference  of  5°  C.  from  the  inlet  to  the  outlet."  As  a 
matter  of  fact,  the  maximum  amount  of  condensing  water  which 
could  be  used  for  the  plant  in  question  was  fully  40  gallons  per 
minute,  and  this  at  times  at  a  temperature  of  36°  C,  as  against 
51  gallons  per  minute,  that  is,  14,000  litres  per  hour  stated  by  the 
makei's  as  being  required  for  water  of  34°  C.  ;  as  would  be  seen 
from  the  Tables  of  observations  the  difference  in  temperature  was 
at  times  as  m.uch  as  10°  C.  from  the  inlet  to  the  outlet. 

From  the  foregoing  it  would  be  evident  that  the  18-ton  machine 
was  inefficient,  and  this  instance  emphasized  the  importance  of 
getting  absolutely  reliable  data  before  designing  plant  for  service 
in  hot  countries.  The  three  ice  machines  of  which  the  writer  had 
charge  were  made  by  a  French  firm,  and  they  were  all  of  the 
horizontal  type,  having  their  compressor  set  tandem  behind  the 
steam-cylinder.  The  main  particulars  of  the  largest  unit,  namely, 
the  18-ton  machine,  were  as  follows  : — 


16f  in.  diameter  x  2  ft.  7J  in.  stroke. 

About  15J  in.  diameter  x  2  ft.  7^  in.  stroke. 

75. 

6J  atmospheres. 

140°  F. 


Steam  cylinder   . 

S0„  compressor  . 

Revolutions  per  minute 

Boiler  steam-pressure 

Temperature  of  feed-water 

Vacuum  in  steam-condenser         .     About  22  in. 

Maximum  estimated  rated  h.p.    .     70. 

Actual  h.p.  at  maximum  load       .     100. 

The  following  tabulated  observations  gave  several  readings 
which  might  be  of  interest  as  showing  the  working  conditions  of 
the  18-ton  machine  : — 
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Colombo,  29th  Oct.  1901. 


Time. 

Condensing  water  for 
SO2  Condenser. 

P   0 

ai 

Headings  on 

compressor 

gauges. 

Position 
of  SO, 

Inlet 
Temp. 

Outlet 
Temp. 

Quan- 
tity per 
min. 

Suction 
side. 

Pres- 
sure 
side. 

regulating 
valve. 

°C. 

°C. 

Gal. 

^c. 

Atmospheres. 

a.m. 

11.  0 

32 

43 

40-5 

-1 

0 

6-5 

J  turn  open 

11.30 

33 

44 

>. 

-1-5 

0 

6-5 

)>     >)        )) 

p.m. 
12.  0 

34 

44 

-1-75 

-0-1 

6-6 

more  than  ,,     ,,        „ 

12.30 

34-5 

44-5 

,, 

-2 

-0-1 

6-75 

a 

1.  0 

34-5 

44-5 

jj 

-2-25 

-0-15 

6-8 

1.30 

35 

45 

,, 

-2-25 

-0-15 

7 

more  than  „ 

2.  0 

35 

46 

,, 

-2-25 

-0-2 

7 

2.80 

36 

46 

,, 

-2-5 

-0-2 

7 

3.  0 

35 

46 

J, 

-2-5 

-0-2 

7 

3.30 

34 

44-5 

jj 

-3 

-0-2 

6-8 

j^ 

4.  0 

33-5 

44-5 

" 

-3-25 

-0-2 

6-8 

" 

Cohmho,  Uh  Nov.  1901. 


Condensing  water  for 

Readings  on 

§4 

a 

EH 

SO, 

Condenser. 

Tempera- 
ture of 
brine  in 

ice  tank. 

gauges. 

"Sea 

Position 

of  SO2 

regulating 

valve. 

Inlet 

Outlet 

Quan- 

Suction 

Pres- 

Temp. 

Temp. 

tity  per 
min. 

side. 

sure 
side. 

l« 

°C. 

°C. 

Gal. 

°C. 

Atmospheres. 

a.m. 

10.  0 

30-5 

38 

40-5 

-0-5 

-0-1 

5-75 

71 

J  turn  open 

10.30 

30-5 

39 

)> 

-1 

-0-1 

6 

71 

5>          »>               )> 

11.  0;  32 

39-5 

-1-75 

-0-15 

6 

71 

,,          ,,                ,, 

11.30 

32-5 

40 

„ 

—  2 

-0-15 

6 

72 

g          ,.               ,, 

p.m. 

12.  01  32-75 

40-5 

-2 

-0-2 

6-125 

73 

,,          ,,                ,, 

12.30   33-5 

41 

„ 

-2 

-0-2 

6-25 

72 

))          )>                >1 

1.  0   34 

41-5 

„ 

-2-125 

-0-2 

6-25 

71 

,,          ,,                ,, 

1.30 

34 

41-5 

,j 

-2-125 

-0-2 

6-375 

72 

)I          >>               >) 

2.  0 

34-75 

42 

J, 

-2-25 

-0-2 

6-375 

73 

a 

2.30 

34-75 

42-5 

J, 

-2-5 

-0-2 

6-75 

72 

3.  0 

34-25 

41-75 

» 

-2-75 

-0'2 

6-25 

73 

"     " 
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As  regards  the  output  of  ice  per  h.p.  of  the  18-ton  machine,  it 
was  -.Q,         =  5  •  55  h.p.  per  ton  of  ice  made  if  rated  at  the  maximum 

horse-power  required,  but  as  this  horse-power  decreased  as  the  ice 
was  being  formed,  perhaps  it  would  be  fairer  to  take  the  average 
horse-power   during   the    24    hours,    which   was   about    76*5    h.p., 

making  j^ — '-'  =  4-25  h.p.  per  ton  of  ice  made.  With  ice  plant 
the  load  was  at  a  maximum  when  the  brine  tank  was  newly  charged 
with  the  moulds  of  fresh  water  to  be  frozen,  and  the  minimum  load 
was  at  the  time  the  ice  was  formed  and  ready  for  lifting.  With 
the  plant  desci"ibed,  the  load  was  considerably  lessened  in  the 
evenings  and  during  the  night  time  owing  to  the  condensing  water 
being  much  lower  in  temperature  than  during  the  heat  of  the  day. 
To  have  kept  a  fairly  constant  load  on  the  machine  during  the 
24  hours,  it  would  have  been  necessary  to  fill  and  empty  a  certain 
number  of  the  total  number  of  moulds  in  the  brine  tank  periodically, 
but  this  procedure  was  impracticable  for  the  business,  because  all 
the  ice  had  to  be  taken  out  first  thing  every  morning. 

The  writer's  records  of  the  weight  of  coal  used  per  ton  of  ice 
made  were  incomplete,  but  from  a  boiler  test  made  when  the 
machine  was  at  its  maximum  load,  it  was  found  that  they  burned 

.  18  tons 

428  lb.  of  coal  per  hour,  and  as  the  ice  made  per  hour  was  24  hours  ~ 

1,680  lb.,  this  gave  only  3*925  lb.  of  ice  per  pound  of  coal.  This 
figure,  of  course,  was  only  for  the  ice  made  during  the  very  hottest 
part  of  the  da}',  and  actually  a  greater  weight  of  ice  per  pound  of 
coal  would  be  made  when  taking  the  average  weight  of  coal  used 
per  hour  during  the  24  hours. 

All  the  ice  made  was  "  clear "  ice  for  household  use,  and  to 
prevent  the  ice  from  turning  out  "opaque,"  the  water  in  the 
moulds  was  kept  in  motion  during  the  time  of  freezing  by 
a  device  which  gave  a  pulsating  action  to  the  water.  This 
device  consisted  of  a  series  of  pipes  laid  over  the  moulds  and 
under  the  brine-tank  covers,  to  which  were  attached  small 
cylindrical  sheet-iron  vessels  depending  from  the  pipes  and  having 
a  small  pipe  from  each  of  the  vessels  dipping  into  the  water  in  the 
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moulds.  The  conical  bottom  of  each  vessel  had  a  rubber  ball-valve, 
which  closed  over  the  small  pipe  entering  the  water,  and  as  the 
whole  system  was  connected  to  an  air-pump  driven  by  a  belt  from 
the  brine  propeller-shafting,  the  action  was  that  at  each  stroke  of 
the  pump  a  small  quantity  of  water  was  drawn  up  from  the  water 
in  each  mould  and  returned  again,  the  ball-valve  closing  in  time  to 
prevent  air  from  being  blown  into  the  water.  This  device  gave 
very  good  i-esults  and  took  very  little  power  to  work  it,  and  when 
the  ice  was  about  ready  for  lifting,  the  apparatus  was  disconnected 
to  prevent  the  pipes  dipping  into  the  moulds  from  being  frozen  up. 
Each  block  of  ice  made,  and  which  weighed  about  1  cwt.,  showed 
just  a  thin  "  opaque  "  core,  but  the  greater  bulk  of  the  block  was 
very  transparent  and  hard.  This  method  of  obtaining  clear  ice  was 
,  of  great  service  when  preparing  ornamental  blocks  of  various  shapes 
having  fi'uits  or  flowers  frozen  within  for  decorative  purposes.  The 
temperature  of  the  brine  when  all  the  ice  was  ready  for  lifting  in 
the  mornings  was  about  —10°  C.  (14°  F.). 

The  Liverpool  Refrigeration  Co.  Ltd.  wrote  that  they  would 
heartily  welcome  reliable  data  on  many  points  connected  with 
refrigerating  machinery  which  up  to  the  present  had  not  been  fully 
investigated.  They  thought  that  Dr.  Grindley's  Paper  was  of 
considerable  theoretical  interest.  The  idea  of  cooling  the  liquefied 
refrigerant  by  means  of  the  gas  returning  to  the  compressor  was 
not  new,  and  as  the  gas  heated  at  constant  pressure  would  expand, 
a  larger  compressor  would  be  necessary  to  circulate  the  same  weight 
of  refrigerating  fluid.  The  practical  impossibility  of  isothermal 
compression  by  water-jacketing  would,  they  feared,  greatly 
minimize  any  advantage  to  be  gained.  Mr.  Anderson's  Paper  was 
of  more  practical  interest,  and  gave  much  useful  information 
collected,  no  doubt,  from  the  best  available  sources.  It  also 
emphasized  the  great  lack  there  was  of  reliable  and  well  ari'anged 
data. 

They  cordially  supported  Mr.  Anderson's  appeal  for 
standardization,  and  for  research,  and  noted  that  bis  suggestions 
for  the  latter  were  of  a  very  practical  kind.     He  did  not  include 
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in  his  list  of  subjects,  the  Transfer  of  Heat  through  Coil  Surfaces 
at  the  temperatures  usual  in  refrigeration,  and  the  influence  of 
density,  velocity,  and  temperature  diflference  on  the  rate  of 
transfer  between  the  refrigerating  fluid  and  the  water,  brine,  or 
air,  etc.  They  hoped  that  any  data  published  would  be  not  only 
in  metrical  but  also  in  English  units,  and  would  be  glad  to 
join  in  any  Conference  for  the  discussion  of  a  British  standard 
ton  of  refrigeration. 

Mr.  Thomas  B.  Morley  (University  of  Glasgow)  wrote  that 
since  there  had  been  proposed,  and  even  actually  Avere  in  operation, 
refrigerator  cycles  other  than  the  usual  one  described  in  the  Paper, 
the  best  standard  cycle  of  comparison  would  be  a  more  absolute  one, 
and  of  such  the  Carnot  cycle,  which  was  a  "  perfect "  one,  was  well 
known  and  provided  an  excellent  standard. 

Temperature  Limits  for  Standard  Cycle  of  Comparison. — The 
lowest  temperature  at  which  the  discharge  of  heat  fi'om  the 
refrigerant  to  the  condenser  could  possibly  take  place  was  that  of 
the  available  supply  of  condensing  water,  that  is,  the  temperature 
of  the  water  entering  the  condenser,  t^  say.  Actually  the  condensing 
water  was  raised  in  temperature  and  left  the  condenser  at  r^  say,  a 
temperature  depending  chiefly  on  the  abundance  of  the  condensing 
water.  Linde  had  advocated  the  adoption  of  t^,  as  the  upper  limit 
of  temperature  for  the  cycle  of  comparison,  on  the  grounds  that  it 
was  impossible  for  the  temperature  at  which  the  condensation  of 
the  refrigerant  took  place  to  be  lower  than  t^,  and  that  if  Tj  were 
taken  as  the  temperature  limit  of  the  ideal  cycle,  the  ratio  of  the 
coefficients  of  performance  of  the  two  machines,  the  actual  and  the 
standard  (which  might  be  called  the  "  efficiency  ratio "),  would 
depend  partly  on  the  abundance  of  the  condensing  water,  as  well 
as  on  the  refrigerating  plant  itself.  "While  this  point  was  worthy 
of  consideration,  there  were  more  weighty  reasons  why  the 
temperature  t^  of  the  entering  water  should  be  taken  for  the 
.  standard  cycle.  Many  condensers  were  partly  air-cooled  as  well  as 
water-cooled,  so  that  t^  was  not  entirely  controlled  by  the  amount 
of  water  used,  and  by  adopting  t^  for  the  standard  cycle  improvements 
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in  condenser  design  would  not  be  reflected  in  the  "  efficiency  ratio." 
Since  this  "  efficiency  ratio "  was  not  the  form  in  which  the 
performance  of  a  plant  was  stated  for  commercial  purposes,  there 
was  no  reason  why  the  standard  of  comparison  should  not  be  a 
stringent  one.  Perhaps  the  best  plan  would  be  to  state  two 
"  efficiency  ratios  "  based  on  both  the  above  temperatures. 

Similarly,  the  lower  temperature  limit  should  be  that  essential 
to  the  actual  service  on  which  the  plant  was  engaged  (ice-making, 
cold  storage,  air  desiccation,  etc.)  and  not  that  in  the  evaporator 
coils  or  even  in  the  brine. 

"  Undercooling "  the  Liquid. — While  it  was  true  that,  for  an 
assigned  condensing  temperature,  cooling  the  liquid  refrigerant 
before  it  reached  the  expansion- valve  was  advantageous,  it  would 
be  better  to  consider  this  advantage  from  a  different  point  of  view. 
The  temperature  to  which  the  liquid  could  be  cooled  (with  the 
usual  cycle)  was  Tj,  the  inlet  condensing  water  temperature,  and 
rather  than  condensing  at  a  certain  temperature,  more  or  less 
arbitrarily  chosen,  and  cooHng  then  to  t^,  the  desideratum  was 
to  keep  the  condensing  temperature  itself  as  near  t^  as  it  was 
possible  to  do,  without  unduly  retarding  the  rate  of  heat 
transmission  in  the  condenser.  It  should  be  noted  that  the 
possibility  of  condensing  at  Xg  and  then  cooling  the  liquid  to  t^ 
was  another  reason  for  choosing  t^  rather  than  Xg  as  the  upper 
temperature  of  the  cycle  of  comparison. 

"  Wet  versus  Dry  "  Compression. — Whatever  might  be  the  relative 
merits  and  demerits  of  "  wet "  and  "  dry "  compression,  a  certain 
amount  of  superheat  at  the  end  of  the  compression  was  desirable. 
It  showed  that  no  liquid  was  being  idly  pumped  round  the  whole 
circuit  as  liquid,  and  it  ensured  that  the  clearance  space  at  the  end 
of  the  stroke  contained  no  liquid,  which,  apart  from  mechanical 
dangers,  would  evaporate  during  the  suction  stroke  and  seriously 
diminish  the  volumetric  efficiency  of  the  compressor. 

Theoretical  Comparison  of  Refrigerants. — In  Appendix  IV  of 
Mr.  Anderson's  Paper,  the  first  Table  on  page  1019  gave  values  of 
the  "  unavoidable  loss  "  represented  by  the  area  under  A  F  (Fig.  37, 
page  1017).     Even  a  Cai-not  refrigerator  could  not  utilize  the  heat 
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under  AF,  so  that  it  never  could  be  available  for  refrigerating 
effect  at  all.  Hence  the  word  "  loss "  in  this  connection  was 
inappropriate. 

The  only  real  indication  of  the  relative  value  (on  purely 
thermodynamic  grounds  only)  of  the  refrigerants  compared  was 
that  shown  in  the  last  column  of  the  Table  at  the  foot  of  page  1020, 
percentage  loss  from  Carnot's  cycle. 

Dr.  Grindley's  Proposed  Cycle. — The  impossibility  of  approaching 
isothermal  conditions  in  the  compressor  had  been  pointed  out  by 
the  first  speakers  in  the  discussion.  He  (Mr.  Morley)  would  add, 
however,  that  in  the  tests  carried  out  by  Professor  Denton  *  on  a 
large  ammonia  refrigerator,  he  found  that  the  compression  curve 
was  very  nearly  adiabatic,  even  though  the  compressors  were 
provided  with  ample  water-jackets.  Dr.  Grindley's  cycle  had,  of 
course,  the  advantage  that  the  refrigerant  was  even  from  the  very 
beginning  of  the  compression  above  the  temperature  of  the  jacket 
water,  whereas  in  the  usual  cycle  it  was  above  the  jacket  temperature 
during  only  the  latter  part  of  the  compression.  In  spite  of  this, 
however,  a  consideration  of  the  probable  heat  exchanges  between 
the  refrigerant  and  the  compressor  walls  (which  had,  unfortunately, 
to  be  founded  on  very  meagre  experimental  evidence)  led  to  the 
conclusion  that  Dr.  Grindley's  cycle  would  be  adversely  affected  to 
a  much  more  serious  extent  than  the  usual  cycle. 

ifz-i  Diagrams. — If  isothermal  compression  could  not  be  even 
approximately  realized  in  practice,  the  {jz-i  diagram  became  useless, 
but  there  was  a  point  which  called  for  comment.  The  term 
"  thermodynamic  potential "  which  Dr.  Grindley  applied  in  Fig.  43 
(page  1048)  to  the  quantity  i}/  was  the  name  which,  according  to  Ewing 
(Mechanical  Production  of  Cold,  Appendix  F),  had  been  already 
given  by  "WiUard  Gibbs  to  the  quantity  i.  Perhaps  Dr.  Grindley 
in  his  reply  would  give  some  further  explanation  of  the  method  of 
plotting  the  \}/-i  diagram,  which  was  not  very  clear. 

An  Improved  Cycle  for  CO 2- — In  the  discussion  of  a  Paper  on 
CO2  refrigerators  published  recently  by  a  kindred  Institution,  an 

*  Trans.  American  Society  of  Mechanical  Engineers,  1890,  vol.  xii,  pa.ge  326, 
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account  of  an  improved  cycle  was  given,  which  was  worthy  of  a 
wider  audience,  and  he  (Mr.  Morley)  proposed  to  describe  it.  He 
had  added  also  a  method  of  representing  the  cycle  on  the 
temperature-entropy  diagram  and  of  calculating  its  theoretical 
possibilities.  The  plant  was  shown  diagrammatically  in  Fig.  56. 
It  consisted  of  the  usual  compressor  C,  condenser  D  and 
evaporator  E,  with  the  addition  of  an  extra  expansion-valve,  a 
separator    S,  and   a  pipe    connection   from  the    separator   to   the 

Fig.  56. — Improved  CO^  Cycle. 
a  fa 


l^o-'-t^'J       DENOTES 


VAPOUR 
LIQUID 


compressor.  In  the  ordinary  cycle,  the  COj  entering  the  evaporator- 
coils  through  the  expansion-valve  carried  enough  energy  with  it  to 
cause  the  evaporation  of  a  considerable  amount  of  it,  without  drawing 
upon  heat  taken  from  the  brine.  In  this  new  arrangement  the 
expansion  took  place  first  of  all  through  the  expansion-valve  A  into 
the  separator  S,  in  which  the  pressui-e  was  higher  than  that  in  the 
evaporator  E. 

Suppose   that  of   the  total  amount    of   refrigerant  a  +  &,  say, 
discharged  from  the  compressor  and  liquefied  in  the  condenser,  the 
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amount  h  evaporated  on  passing  the  first  expansion-valve  A.  In 
the  separator,  this  vapour  6  was  removed  from  the  remaining  liquid 
a.  The  liquid  a  then  passed  through  the  second  expansion-valve  B 
into  the  evaporator-coils,  i-eaching  them  with  a  much  smaller 
proportion  of  vapour  in  it  than  that  due  to  a  single-stage  expansion. 
After  evaporating,  a  went  to  the  suction  side  of  the  compressor. 
At  the  end  of  the  suction  stroke,  the  gas  b  from  the  separator  was 
also  admitted  to  the  compressor ;  a  and  h  were   then  compressed 


PRESSURE 


Fig.  57. — Improved  Co^  Cycle— Compressor  Diagram. 


VOLUME 

together,  discharged  and  condensed,  so  completing  the  cycle.  It 
would  be  seen  that  for  a  given  size  of  compressor,  that  is,  for  a 
given  amount  a  of  refrigerant  passed  through  the  evaporator,  this 
cycle  produced  a  refrigerating  efi'ect  due  to  the  evaporation  of  a 
from  a  condition  in  which  it  contained  very  little  vapour,  whereas 
on  the  ordinary  cycle  the  refrigerating  effect  was  only  that  due  to 
the  evaporation  of  a  from  a  condition  in  which  it  might  be  about 
half  vapour  already.  The  work  done  in  the  compressor  was  increased, 
since  on  the  compression  and  discharge  stroke  it  had  to  deal  with  a 
and  6  together,  as  compared  with  a  alone  in  the  ordinary  case. 
This  was  shown  in  Fig.  57  ;  P  Q  represented  the  suction,  Q  R  the 
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rise  of  pressure  due  to  the  admission  of  6,  R  S  the  compression,  and 
S  T  the  discharge.  For  the  ordinary  cycle  the  work  done  was 
shown  by  P  Q  S^  T.  The  increase  in  the  work  done  in  the 
compressor  was,  however,  more  than  counterbalanced  by  the  gain 
of  refrigerating  effect. 

To  represent  the  cycle  on  the  entropy-temperature  diagram,  let 
A,  Fig.  58,  represent  the  condition  of  the  Kquid  leaving  the 
condenser.      After   passing   through  the  first  expansion-valve,  its 


Fig,  58, — Entropy  Diagram  for  unproved  CO^  Cycle. 


condition  was  represented  by  B,  where  B  was  so  chosen  that  the 
enthalpy  i^  =  ^^.     The  dryness-fraction  of  the  substance  was  now 

=-=,  or  if   D  B   represented   the   amount  of  vapour  h,  then  B  E 

represented  the  amount  of  liquid  a.  We  had  now  to  trace  the 
changes  of  h  and  a  separately  on  the  diagram.  The  one  diagram 
would  suffice,  it  being  remembered  that  the  quantities  represented 
were  not  now  the  same,  so  that  areas  on  the  diagram  must  be 
multiplied  by  the  values  of  the  quantities  concerned,  in  order  to 
find  heat  exchanges.  We  might  imagine  that  the  energy  of  the 
liquid  (a  +  h)  at  A  above  that  of  liquid  at  D  was  all  given  to  6, 
and  hence  that  the  area  under  D  E  X  &,  representing  the  energy 
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given  to  h  to  evaporate  it  =  ?\  —  /p.  E  represented  the  condition 
of  the  vapour  h  after  separation.  (For  the  present  purpose  the 
fact  that  a  constant-pressure  line  through  A  would  lie  slightly  to 
the  left  of  D  might  be  disregarded.)  The  liquid  a  at  condition  D 
now  passed  through  the  second  expansion-valve  and  reached  the 
evaporating-coils  in  the  condition  F.  F  G  represented  the 
evaporation  (assuming  dry  compression  was  to  be  followed)  of  a  in 
the  evaporator,  and  the  area  under  F  G  X  «  represented  the  heat 
abstracted  from  the  brine.  The  quantities  a  at  condition  G  and  b 
at  condition  E  were  now  mixed,  and  the  result  was  a  -f  6  at 
condition  K.  K  was  determined  from  two  conditions :  first, 
i^  X  (a  +  6)  =  «„  X  a  +  «e  X  h,  that  is,  the  total  enthalpy  values 
before  and  after  mixing  were  the  same ;  and,  secondly,  the  pressure 
at  K  was  that  resulting  from  the  mixture  of  a  and  b  at  initially 
different  pressures.  The  separator  was  provided  with  a  float- 
governed  outlet,  the  function  of  which  apparently  was  to  ensure 
that,  when  a  steady  regime  was  reached,  b  and  a  would  maintain 
their  proper  proportions.  It  was  difl&cult  to  predict  the  position  of 
K  from  pui'ely  thermodynamic  considerations,  as  the  pressure  in 
the  separator  for  a  steady  regime  depended  on  several  factors. 
KL  represented  the  compression,  and  LA  the  rejection  of  heat  to 
the  condenser,  the  heat  rejected  being  represented  by  the  area 
under  LA  X  {a  -\-h).  The  ordinary  cycle  was  AHGM  A,  and  the 
comparison  of  the  two  was  shown  as  follows  : — 


Eefrigerating  effect 


Ordinary  Cycle. 


J  Area  under  HG  x  o 
\        =  (ia-  in)  a 


Improved  Cycle. 


}{: 


Area  under  FG  x  a 
{ia  -iy)a  =  (io  -i^)a 


Heat  to  condenser    .      .   l/Area  under  MA  x  aWArea  under  LA  x  (a  +  6) 
1        =  (iM  -  Ia)  a        /  \        =  {i^  -  t,)  {a  +  h) 

Work  spent  in  com- )  (Difference   of    aboveV  -r^-iv  ,    , 

pressor      ../•!(        ={i^-i,)a        ]\  I>ifference  of  above 


While  the  entropy-temperature  diagram  showed  most  clearly, 
or  at  least  in  the  most  familiar  manner,  the  nature  of  the 
operations  in  the  cycles,  actual  calculations  were  best  made  from 

4  H 
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the   enthalpy   values   i^,    i^,    etc.,    which    could    be   obtained    from 
Mollier's  <f>  —  i  diagram. 

As  already  mentioned,  it  was  difficult  to  locate  properly  the 
point  K,  and  to  assign  a  value  for  the  pressure  in  the  separator. 
Also,  since  the  work  spent  in  the  cycle  was  obtained  as  the 
difference  of  two  comparatively  large  quantities,  one  of  which 
depended  on  the  position  of  K,  the  results  of  calculations  from  the 
diagram  could  only  be  taken  as  indicating  the  effect  of  the  modified 
cycle  in  a  very  general  way.  Although  bearing  this  in  mind,  it 
might  still  be  of  interest  to  compare  the  results  of  such  calculation 
with  results  of  actual  tests  which  were  quoted  in  the  discussion 
referred  to  before  another  Institution.  With  condensing  water 
at  30°  C,  evaporator  at  —20°  C,  and  assuming  the  intermediate 
temperature  in  the  separator  to  be  — 10°  C,  the  calculation  gave 
the  following  results  (in  Continental  units  from  Mollier's  diagram) : — 


;          - 

Ordinary 
Cycle. 

Improved 
Cycle. 

Percentage  of 

Increase  in 

Improved 

Cycle. 

Refrigerating  eSecfc 

Work  spent 

Coefficient  of  performance 

14-7 
6-6 
2-23 

80 

11-9 
2-52 

104 
80 
13 

It  should  be  noted  that  the  separator  temperature  had  a  very 
great  influence ;  for  example,  if  it  were  0°  C,  the  calculations  gave 
the  increase  of  output  as  84,  and  increase  of  the  coefficient  of 
performance  as  60  per  cent. 

The  figures  from  an  actual  plant,  with  brine  at  0°  F.,  5°  range 
in  both  evaporator  and  condenser  (the  separator  temperature  was 
not  quoted),  were  as  follows  : — 


Cooling  water  temperature        .       °F. 

Increased  output        .      .      .  per  cent. 

Economy  of  power  per  unit  of  refrigera- 
tion         per  cent. 


65 

75 

82-5 

90 

64-2 

81-3 

114 

176 

17-4 

24 

36 

50 
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Mr.  Bernard  Rathmell  wrote  that,  in  view  of  the  continuous 
and  rapid  increase  in  the  use  of  refi"igei'ating  machinery  for  a 
variety  of  industries,  he  thought  Mr.  Anderson's  Paper  was 
valuable,  especially  as  its  main  object  appeared  to  be  to  urge  the 
necessity  and  importance  of  close  research  work  in  connection 
therewith.  Admittedly,  there  were  but  little  practical  and  reliable 
data  available  to  the  profession  generally  concerning  the  relative 
merits  of  the  different  systems  in  actual  working,  nor  of  the 
relative  merits  of  different  types  of  machinery  employed  in  any 
system.  Manufacturers  of  machinery  had,  of  course,  done  a 
considerable  amount  of  experimenting  in  the  course  of  their 
progress,  but  the  outcome  of  this  was  not  available  to  the 
profession  generally.  It  might  even  be  doubted  whether  such 
experiments  on  the  average  had  gone  any  further  than  was 
necessary  to  establish  to  a  firm's  satisfaction  the  desirability  or 
otherwise  of  introducing  innovations — from  a  commercial  point  of 
view.  Such  work  might  be  too  much  bound  up  with  questions  of 
existing  patterns,  works  equipment,  and  other  manufacturing 
contingencies.  It  was  to  be  hoped  that  the  Paper  and  discussion 
would  bring  machine  manufacturers  together,  with  a  view  to  fixing 
definite  units  of  rating  and  performance. 

Mr.  Anderson,  in  his  remarks  on  "wet  "and  "  dry"  compression, 
claimed  that  the  "  flooded  system,"  so  widely  used  in  the  United 
States,  was  an  adaptation  of  the  British  method  of  working,  which 
was  moderately  "  wet."  This  seemed  open  to  doubt ;  the  flooded 
system  did  not  appear  to  lend  itself  any  better  to  working  "  wet " 
than  working  "  dry,"  intercepters  being  used  to  stop  any  liquid 
brought  over  from  the  coils.  The  main  object  of  the  system  was 
to  prevent  the  gas  generated  in  taking  out  the  liquid  heat  from 
passing  through  the  coils,  where  it  could  only  have  the  effect  of 
blanketing  some  of  the  cooling  surface. 

In  describing  and  illustrating  three  double-acting  ammonia- 
compressors  (pages  966-70),  the  author  aUuded  to  them  as  showing 
the  degree  of  standardization  attained.  Did  they  not  show  too 
much  of  this  quality?  All  followed  the  lines  of  the  compressors 
introduced  by  the  Linde  Co.,  although  all  showed  variations.     All 

4  H  a 
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had  the  defect — and  it  was  a  defect,  however  perfect  material  and 
manufacture  might  be — of  valves  which  projected  into  the  cylinder, 
and  always  presented  possibilities  of  accident.  All  had  the 
disadvantage  that  a  number  of  joints  had  to  be  broken  before  a 
cylinder  could  be  opened  for  inspection  ;  and  in  marine  installations, 
at  any  rate,  which  came  under  the  Registry  Societies,  these 
inspections  were  fairly  numerous.  However  well  this  type  of 
compressor  had  performed,  there  were  surely  other  methods  of 
designing  compressors  on  both  efficient  and  convenient  lines. 

Figs.  16  and  17  (pages  977  and  979)  showed  COj  compressors,  the 
salient  point  of  each  being  that  it  had  a  "  liner  fitting  for  practically 
the  whole  length."  Why  was  a  liner  fitted  at  all,  if  it  did  not 
cover  the  whole  of  the  piston  travel  ?  In  the  examples  shown,  the 
piston-i'ings,  presumably,  did  not  travel  beyond  the  joint  of  the 
liner ;  this  involved  some  peripheral  clearance  at  each  end,  and  a 
longer  piston  than  was  reaUy  necessary.  There  was  probably  no 
difficulty  in  turning  these  out  a  good  job  in  the  first  place,  for  the 
whole  could  be  bolted  together  for  the  finishing  ofi";  but  what  was 
the  position  if  it  became  necessary  to  renew  a  liner,  say,  on 
shipboard  in  mid-voyage  ?  Judging  by  the  compressors  mentioned 
and  by  other  examples  of  current  practice  illustrated,  it  could 
hardly  be  claimed  that  manufacturers  had  reached  finality. 

The  Tables  and  Figures  given  in  the  Appendixes  for  CO2,  NHg, 
and  SO2  gases  were  of  great  interest  and  value,  as  embodying  the 
latest  and  corrected  figures  on  these  points. 

Mr.  Wilfrid  Stokes  wrote  that  he  had  read  with  much  interest 
the  Paper  by  Dr.  Grindley,  more  particularly  as  it  drew  attention 
to  the  very  considerable  opening  which  existed  for  the  improvement 
in  CO2  machines,  to  which  end  the  writer  had  been  conducting  a 
very  extensive  set  of  experiments  working  in  accordance  with  the 
system  invented  by  Mr.  G.  T.  Voorhees.  In  Dr.  Grindley's  new 
cycle,  various  practical  difficulties  presented  themselves  which  had 
been  referred  to  in  the  discussion.  These  difficulties  appeared  to 
him  to  be  so  great  as  to  render  the  cycle  impracticable. 


Gkc.  1912. 
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As  was  well  known,  a  very  considerable  amount  of  liquid  COj 
became  gas  on  passing  the  expansion-valve  in  order  to  cool  the  COj 
from  the  temperature  of  the  condenser  to  that  of  the  evaporator. 
Dr.  Grindley  proposed  to  reduce  this  waste  by  cooling  the  CO2  after 
leaving  the  condenser,  by  the  gas  coming  from  the  evaporator.  In 
the  Voorhees  system  no  attempt  was  made  to  reduce  the  amount  of 
gas  produced  in  cooling  the  COg  liquid,  but,  by  the  introduction  of 
an  automatic  second  expansion-valve  and  a  separator  vessel,  the 
majority  of  the  gas  was  short-circuited  so  as  not  to  pass  through 
the  evaporator  at  all.  By  the  use  of  suitable  valves,  this  gas  was 
admitted  into  the  compressor  at  the  end  of  its  suction-stroke  at 
a  higher  pressure  and  temperature  than  the  evaporator  suction  gas, 
and  thus  considerable  economies  in  power  were  obtained,  as  well  as 
a  materially  increased  output  from  the  compressor. 

In  a  small  machine  he  (Mr.  Stokes)  had  used  for  his 
investigations,  he  had  obtained  the  following  results  without  any 
more  difl&culty  in  working  than  with  a  normal  machine : — 


Temperature  of  Cooling 
Water. 

Increased  Output  from 
same  Compressor. 

Economy  in  Power  per 
unit  of  Refrigeration. 

0  p 

Per  cent. 

Per  cent. 

65 

64-2 

17-4 

75 

81-3 

24-0 

82-5 

114-0 

36-0 

90 

176-0 

50-0 

These  results  were  with  wet  compression  and  with  0°  brine  and  5° 
range  in  both  evaporator  and  condenser,  and  with  the  machine 
running  at  the  same  speed  and  under  similar  conditions  in  each 
comparative  test.  It  would  be  observed  that  the  saving  in  power 
was  practically  the  same  as  that  given  by  Dr.  Grindley  in  the 
Table  (page  1037)  for  brine  at  -f  5°  brine,  that  is,  0°  evaporator, 
when  working  under  his  proposed  new  cycle. 
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The  principal  reasons  why  so  large  an  economy  could  so  easily 
be  obtained  with  the  Yoorhees  system  were  as  follows,  taking  90° 
cooling  water  as  the  hottest  to  be  considered  : — 

(1)  A  large  proportion  of  the  gas  formed  after  the  expansion- 
valve  never  had  to  be  reduced  to  the  evaporator  temperature  (up  to 
50  per  cent.), 

(2)  The  gas  from  the  evaporator  was  partially  compressed 
without  mechanical  effort  by  the  superimposed  charge  of  gas  from 
the  separator  vessel  (up  to  double  the  evaporator  pressure). 

(3)  This  partial  compression  took  place  without  heating  the  gas, 
and  its  temperature  was  therefore  lower  in  the  compressor  (up  to 
30°  F.). 

(4)  As  compressors  fitted  with  leathers  were  run  with  "  wet " 
compression,  the  amount  of  liquid  taken  from  the  evaporator  and 
wasted  was  reduced  for  reason  No.  3  (up  to  8  per  cent.). 

(5)  As  the  clearance  and  leakage  losses  were  constant,  they 
formed  a  lower  percentage  of  the  increased  output  (up  to  60  per 
cent,  reduction). 

(6)  As  the  mechanical  friction  losses  both  in  prime  mover  and 
compressor  were  practically  constant,  they  formed  a  lower  percentage 
of  the  increased  output  (up  to  60  per  cent,  reduction). 

Although  in  the  small  machine  hitherto  experimented  with, 
certain  of  the  losses  were  not  normal,  it  was  interesting  to  note  that 
the  gains  obtained  in  practice  had  been  predicted  almost  exactly 
beforehand  by  the  use  of  MoUier's  diagrams  referred  to  by  the 
author. 

A  machine  on  a  commercial  scale  was  under  construction,  from 
which  he  was  confident  that  results  would  be  obtained  in  no  way 
inferior  to  those  referred  to  above.  In  this  machine  all  the  valves 
were  automatic,  and  the  separator  vessel  contained  the  second 
expansion-valve  with  its  automatic  control  which  had  been  specially 
designed  for  ship  use,  as  it  was  not  affected  by  the  motion  of  the 
vessel.  With  regard  to  the  question  of  first  cost,  the  smaller  prime- 
mover  required  to  produce  the  same  refrigeration  rendered  the  total 
cost  of  the  outfit  about  the  same  as  that  of  a  normal  machine.  The 
very   marked   economy   in    working   cost   was   therefore    obtained 
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without  any  additional  first  cost  of  manufacture,  and  without  any 
increased  difificulty  in  working  or  keeping  in  order. 

Mr.  Hal  Williams  wrote  that  he  felt  that  the  Institution  owed 
a  large  measure  of  thanks  to  Mr.  Anderson  for  his  Paper ;  only 
those  who  had  ever  undertaken  similar  work  could  appreciate  what 
an  enormous  amount  of  personal  time  and  trouble  it  had  involved, 
and  for  this  reason  he  felt  that  some  of  the  criticism  which  was 
based  more  on  the  author's  wording  than  on  the  obvious  meaning  of 
what  had  been  written,  had  been  unduly  harsh  and  misplaced. 

The  writer  had  been  one  of  the  British  Ofiicial  Delegates  to  the 
premier  Congress  du  Froid  in  Paris  in  1908,  where  the  question  of 
the  standardization  of  Refrigeration  Machines  had  been  discussed 
at  considerable  length.  It  was  discussed  again  at  the  second 
Congress  in  Vienna  in  1910,  by  the  Association  Fran5aise  du  Froid 
at  Toulouse  this  year,  and  it  was  to  be  further  discussed  at  the  third 
Congress  at  Chicago  next  September.  The  whole  question  bristled 
with  difficulties,  chiefly  because  the  use  to  which  a  refrigerating 
machine  was  put  was  by  no  means  a  standard,  and  consequently, 
the  design  of  the  complete  plant  of  which  the  compressor  formed 
only  a  part,  varied  in  nearly  every  case ;  again,  some  of  the 
standards  that  had  been  proposed  for  compression  machines  were 
not  applicable  to  absorption  machines,  which  were  again  coming  into 
prominence,  and  vice  versa.  The  size  of  the  compressor  had  been 
suggested,  but  this  unit  could  not  be  adopted  because  the  amount  of 
gas  which  it  was  capable  of  displacing  varied  with  the  back  pressures, 
and  this  varied  with  the  use  to  which  the  plant  was  being  put. 

A  standard  of  the  nature  proposed  was  designed  principally  to 
be  of  use  to  the  non-technical  public,  but  as  refrigerating  plants 
were  nearly  always  bought  as  a  whole,  for  the  purpose  of  producing 
certain  results  under  certain  conditions  which  had  to  be  very  fully 
laid  down  before  the  plant  was  designed,  the  statement  or  guarantee 
that  a  machine  was  standard  under  one  set  of  conditions  would  be 
no  real  guide  to  a  purchaser  who  wanted  it  to  work  under  entirely 
different  conditions.  To  be  of  any  real  benefit  to  the  purchaser, 
the  standardization  would  have  to  be  carried   through  every  size  of 
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machine  for  every  known  application,  and  would  have  to  apply  not 
only  to  the  compressor  in  a  compression  plant,  and  to  the  absorber, 
generator  and  rectifier  in  an  absorption  plant,  but  to  the  condenser, 
refrigerator,  and  to  the  pipe  surface  in  a  brine  or  direct-expansion 
system.  It  could  not  even  end  there,  but  would  have  to  be  carried 
to  the  insulation  used. 

The  Association  Fran^aise  du  Froid  were  recommending  the 
following  thermal  standards  : — "  The  normal  power  of  a  freezing 
machine  is  the  number  of  f  rigories  it  is  capable'  of  absorbing  in  one 
hour  for  temperatures  of  gas,  of  +  25°  C  at  the  condenser,  -(-  15°  C. 
at  the  expansion  regulator,  and  —  10°  C.  at  the  refrigerator." 

He  quite  thought  that  a  standard  ton  refrigeration  in  B.Th.TJ. 
per  hour  should  be  established,  though  most  people  now  worked  to 
approximately  the  same  figures,  and  that  a  standard  for  B.Th.U. 
absorbed  under  stated  conditions  of  forward  and  back  pressures, 
such  as  that  suggested  by  the  French  Association,  would  be  useful ; 
when  once  this  had  been  determined,  it  would  always  be  possible  to 
figiire  back  to  this  standard  from  other  conditions.  There  was  no 
real  difficulty  in  the  matter  to  those  who  understood  the  subject, 
and  others  should  not  attempt  to  deal  with  matters  they  did  not 
understand.  There  was  no  doubt  that  widely  different  views  were 
held  by  makers  of  refrigerating  plant  as  to  the  displacement  and 
surfaces  to  be  allowed  for  a  given  duty,  but  that  was  more  a 
commercial  than  a  technical  matter,  and  the  same  thing  was  found 
in  almost  every  branch  of  engineering.  Take,  for  instance,  the  wide 
variation  in  the  design  of  electric  motors  and  dynamos  of  given 
horse-powers  at  given  voltages  and  speeds.  By  a  careful  analysis 
of  displacements,  speeds  and  surfaces,  a  refrigerating  engineer  had 
no  difficulty  at  all  in  deciding  the  relative  values  of  different  tenders, 
and  with  the  exceptions  he  had  referred  to,  there  was  no  need  in 
his  opinion  to  alter  the  existing  condition  of  things. 

He  had  been  much  interested  in  the  temperature-entropy 
diagrams  that  both  authors  had  prepared,  and  in  connection  with 
Dr.  Grindley's  Paper  he  desired  to  point  out  the  labour  of  transferring 
to  British  units  was  undertaken  by  him  (Mr.  Williams)  in  conjunction 
with   Professor   A.  W.  Porter,   of  University  College,  in  a  book, 
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"  Mechanical  Refrigeration,"  published  ten  years  ago.  He  readily 
recognized  that  Dr.  Grindley  had  gone  further,  and  had  dealt  with 
Dr.  MoUier's  later  diagrams,  but  he  thought  that  some  slight 
recognition  should  have  been  made  of  Professor  Porter's  and  his 
own  pioneer  work  on  the  same  lines.  With  regard  to  the  general 
examination  of  the  theory  of  the  performance  of  refrigerating 
machines  in  Mr.  Anderson's  Paper,  he  ventured  to  claim  that  no 
more  exact  method  of  treating  the  question  had  ever  been  put 
forward  than  in  the  short  outline  given  in  the  book  referred  to. 
Great  care  was  taken  to  deal  with  the  irreversible  changes  involved, 
especially  in  regard  to  the  failure  of  the  p.  v.  diagram  to  represent 
the  external  work  done  in  such  irreversible  changes,  and  the  failure 
of  the  temperature-entropy  diagram  to  represent  the  corresponding 
heat  entry. 

Mr.  Anderson  wrote  that,  in  reading  over,  first  the  discussion 
as  contributed  by  actual  speakers  with  the  view  of  answering  those 
points  which  time  had  prevented  him  dealing  with,  he  noted  that 
Mr.  Hodsdon  had  said  "there  was  nothing  for  refrigerating 
engineers  in  the  Papers."  He  did  not  wish  to  discuss  the  scheme 
on  which  his  Paper  was  built,  but,  broadly  speaking,  it  was  intended 
to  bring  the  Proceedings  of  the  Institution  up  to  date  with  respect 
to  current  practice  in  refrigeration,  and  also  to  outline  the  theory 
as  far  as  it  was  generally  known.  Incidentally,  this  would  give 
the  "  ordinary  engineer "  an  opportunity  of  taking  part  in  the 
discussion.  He  was  bound  to  say  that  the  scheme  had  worked 
remarkably  well,  inasmuch  as  some  of  the  most  important 
contributions  had  come  from  those  who  would  hardly  claim  to  be 
refrigerating  engineers.  Further,  the  note  on  page  949  gave  the 
real  use  of  the  Paper,  that  it  was  written  "in  order  that  views 
may  be  obtained  which  may  be  of  assistance  in  the  prosecution  of 
the  suggested  research."  Mr.  Hodsdon  said  (page  1089)  "  he  did 
not  think  there  were  many  refrigerating  engineers  who  knew 
exactly  what  the  specific  heat  of  brine  was."  The  author's  opinion 
on  reading  the  discussion  most  carefully  and  remembering  the 
petition  that  led  the  U.S.A.  Government  i-ecently  to  vote  ^15,000 
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for  investigations  in  the  subject  was,  that  refrigerating  engineers 
had  very  little  exact  knowledge  of  anything  at  all  in  connection 
with  their  profession,  and  this  indicated  to  the  Institution  the  vast 
field  for  research  that  had  been  opened  up. 

He  (Mr.  Anderson)  wished  to  pay  tribute  to  the  great  value  of 
Dr.  Grindley's  Paper,  as  it  was  an  outstanding  contribution  to  the 
theory  of  vapour-compression  machines.  The  Grindley  cycle  might 
not  at  the  moment  appear  practicable,  with  our  present  knowledge 
of  metals  and  design,  but  it  gave  those  interested  in  the  theory, 
new  knowledge  and  new  ideas  and  those  interested  in  practice,  a 
new  ideal,  and  had  called  from  Mr.  Hill  (page  1113)  a  suggestion 
of  great  value.  It  was  certain  that  Dr.  Grindley  did  not  in  the 
least  merit  the  criticism  of  Mr.  Hodsdon  when  he  said :  "  the 
inference  contained  in  the  Paper  (Dr.  Grindley's)  was  that 
refrigerating  engineers  did  not  know  their  business."  He  greatly 
regretted  Mr.  Hodsdon's  excellent  contribution  of  exactly  the  type 
required  was  marred  by  the  expi'ession  to  which  he  (Mr.  Anderson) 
had  taken  so  strong  an  exception.  Moreover,  nothing  had  been 
further  from  the  author's  mind  than  to  say  "  that  no  improvement 
had  taken  place  as  a  result  of  scientific  investigation."  In  his 
spoken  reply  the  author  had  transferred  the  word  "  published," 
used  on  page  950,  so  that  the  sentence  read  "  from  published 
research  or  from  accounts  of  practical  progress,  than  that  of 
mechanical  refrigeration."  He  had  used  the  word  "  research " 
in  the  first  instance  in  the  academical  sense  that  research  of 
any  value  would  always  be  published.  He  would  strongly  urge 
refrigerating  engineers  to  adopt  the  practice  followed  by  other 
branches  of  the  engineering  profession,  and  make  known  the 
results  of  research  and  investigation.  Nothing  was  gained  by 
keeping  on  the  cloak  of  reserve  which  had  only  partially  been 
removed  by  the  discussion  on  the  two  Papers.  As  Captain  Sankey 
had  rightly  remarked  (page  1071),  a  mere  recital  of  what  had  been 
done,  without  giving  results,  was  useless. 

Mr.  Brier  had  called  attention  (page  1095)  to  the  author's  use 
of  the  words  "  attemperated  brine."  As  Mr.  Brier  had  correctly 
said,  "  warm "    or  chilling   brine  had    been   used  for  many  years, 
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but  the  object  of  the  attemperator  (which  gave  rise  to  the  new 
expression  "  attemperated "  brine)  and  its  auxiliary  attemperator- 
cock  was,  as  set  out  on  page  996,  threefold,  but  in  view  of  Mr. 
Brier's  remarks,  it  would  perhaps  be  better  to  supplement  the 
description  of  the  three  types  thus:  (1)  aU  freezing  brine  at  5° 
(say)  through  the  leads,  (2)  all  chilling  brine  at  35°  to  38°  (or  even 
above)  as  regulated  by  the  main  attemperator,  (3)  freezing 
or  chilling  brines  as  required  at  any  temperatures  between  5°  and 
38°  (say)  as  regulated  by  the  auxiliary  attemperator- cocks.  The 
temperatures  taken  were  only  used  as  typical  examples. 

In  further  answer  to  Mr.  Brier,  he  would  say  a  CO2  machine 
was  often  preferred  on  a  large  passenger  steamer,  because  of  the 
entire  absence  of  smell.  NH3  machines  were  not  at  present  in  use 
on  warships  because  of  the  probable  effect  in  an  engagement  with 
the  enemy,  as  a  pipe  might  burst  with  an  appalling  eflfect  on  the 
crew.  In  his  own  opinion,  a  captain  who  went  into  action  with 
his  refrigerating  machine  charged — either  CO2  or  NH3 — committed 
a  grave  error  of  judgment — with  NH3  for  the  reasons  just  given,  and 
COg  because  of  the  risk  of  asphyxiating  the  men  below  decks. 

The  list  of  details  given  for  testing  refrigerating  machines  were 
absolutely  essential,  if  true  comparisons  were  to  be  made.  It  was 
necessary  to  repeat  that  the  details  usually  given  made  it  quite 
possible  for  an  expert  to  allow  any  machine  he  wished  to  come  out 
as  the  best. 

He  fully  appreciated  Mr.  Enock's  remarks  (page  1096)  and  the 
distinctive  features  of  his  firm's  compressor  designs.  Volumetric 
efficiency  was  a  most  important  subject,  but  it  would  appear  that  a 
great  amount  of  fundamental  work  had  yet  to  be  covered  before 
research  or  discussion  on  that  particular  section  would  be  really 
profitable.  A  better  knowledge  of  the  physical  constants  and 
properties  of  the  refrigerants  was  certainly  required. 

With  respect  to  the  Communications,  he  would  say  in  answer  to 
Mr.  Beck  (page  1109)  that  the  condenser  shown  on  page  963  was  not 
a  double-pipe  condenser.  It  was  a  type  used  extensively  in  the 
United  States  of  America,  but  like  the  double-pipe  condenser  shown 
on  page  965,  it  did  not  brook  neglect.     The  compressor  displacement 
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given  on  page  1021  was  quite  correct  for  a  rtiean  condenser  temperature 
of  70°  F.,  but  he  had  no  hesitation  in  saying  that  even  with 
condensing  water  on  at  80°  F.  that  the  No.  5  compressor  quoted  by 
Mr.  Beck  had  something  seriously  wrong  with  its  design — probably 
excessive  clearance,  provided  that  the  rest  of  the  plant  (coil  surface, 
etc.)  was  correctly  designed. 

He  strongly  commended  Mr.  Buckton's  remarks  (page  1110) 
to  refrigerating  machine  makers;  they  were  full  of  pregnant 
suggestion,  and  outlined  probable  practical  developments. 

Mr.  Douglas  (page  1112),  The  Liverpool  Kefrigeration  Co. 
(page  1121),  and  Mr.  Hodsdon  (page  1092),  had  suggested,  as  a 
possible  research,  the  transmission  of  heat  through  coil  surfaces 
at  temperatures  used  in  refrigerating  machines.  He  cordially 
supported  this  suggestion,  and  had  mentioned  at  the  top  of  page  1025, 
that  the  ordinary  laws  for  the  transmission  of  heat  through  metal 
walls  did  not  hold  good  for  low  temperatures  and  small  temperature 
differences.  He  was  certainly  pleased  to  find  such  important  firms 
as  Messrs.  Douglas  and  The  Liverpool  Refrigeration  Co.  supported 
his  contention  that  more  reliable  data  of  all  kinds  were  required  in 
refrigeration,  and  that  they  would  support  any  movement  towards 
standardizing  the  ton  of  refrigeration. 

He  thanked  Mr.  Hill  (page  1113)  for  his  kindly  appreciation, 
and  thought  that  in  connection  with  Dr.  Grindley's  cycle,  Mr.  HiU 
had  made  the  only  practical  and  undoubtedly  valuable  suggestion 
with  respect  to  how  the  cycle  could,  perhaps,  be  approximately 
carried  out,  namely,  by  using  the  De  La  Yergne  system  of  oil 
injection.  With  an  efl&cient  oil-cooling  arrangement,  the  author 
was  of  the  opinion  that  good  results  would  be  obtained. 

Mr.  Knox  (page  1114)  had  sent  a  most  interesting  communication. 
Personally,  without  detailed  information,  he  could  not  understand 
why  the  larger  plants  were  relatively  more  inefficient,  but  he  could 
not  accept  the  suggestion  that  relatively  efficient  machines  in  this 
country  became  relatively  inefficient  in  the  tropics. 

Mr.  Morley  (page  1123)  proposed  an  ideal  machine  working  on 
the  Carnot  cycle  as  a  standard  machine  of  comparison.  He  disagreed 
entirely  with  this  suggestion.     The  reciprocating  steam-engine,  the 
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gas-  and  oil-engine  (constant  pressure),  the  gas-  and  oil-engine 
(constant  volume),  had  each  its  own  standard  of  comparison  which 
was  certainly  not  the  Carnot  cycle,  and  he  submitted  that  a  standard 
was  required  for  each  distinctive  type  of  refrigerating  machine,  of 
which  the  compression  and  absorption  systems  were  of  outstanding 
importance.  He  thought  Mr.  Morley  quibbled  over  the  expression 
"  unavoidable  loss."  Loss  or  no  loss,  the  Carnot  cycle  penalized 
this  quantity  very  severely.  Both  Mr.  Morley  and  Mr.  Stokes  had 
added  to  the  value  of  both  Papers  by  expounding  Mr.  Voorhees' 
new  cycle  for  CO2  machines. 

He  thanked  Mr.  Hal  Williams  (page  1133)  for  his  contribution. 
He  was  glad  that  such  an  authority,  both  theoretically  and 
practically,  as  Mr.  Williams,  had  used  the  expression  "obvious 
meaning,"  because  he  (Mr.  Anderson)  had  to  admit  that  what  was 
intended  as  a  gentle  reminder  that  much  more  interchange  of 
opinions,  of  ideas  and  of  actual  results  (research  and  practical)  were 
required  in  the  refrigerating  world,  had  raised  a  veritable  hornets' 
nest.  Mr.  Eathmell  (page  1129),  who  had  also  sent  a  valuable 
communication,  had,  he  thought,  with  respect  to  this  point,  summed 
up  the  situation  rather  well  when  he  wrote  "it  might  even  be 
doubted  whether  such  (manufacturer's)  experiments  on  the  average, 
had  gone  any  further  than  was  necessary  to  estabKsh  to  a 
firm's  satisfaction,  the  desirability  or  otherwise  of  introducing 
innovations." 

In  conclusion,  he  would  say  that  the  discussion  clearly  indicated 
that  a  vast  amount  of  research  (published)  was  needed  to  bring  the 
science  of  refrigeration  up  to  the  standard  that  obtained  in  other 
branches  of  engineering,  and  he  thought  that  the  Table  given  on 
page  1000,  might  as  a  result  of  the  discussion  be  extended,  by 

{g)  The   physical    constants    and    properties   of    the    chief 

refrigerants. 
(Ji)  The  transmission  of  heat  through  coils  under  the  varying 

conditions  found  in  refrigerating  practice. 
( j)  The  specific  heats  and  specific  densities  of  calcium  chloride 
brine  at  the  varying  temperatures  and  densities  used  in 
refrigeration,  and  also  the  best  means  of  measviring  the 
quantity  of  brine  circulated  in  the  machine. 
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(J)  The  volumetric  efficiencies  of  compressors  with  particular 

reference  to  (I)  the  refrigerant  used,  (II)  the  amount 

of   superheating   under   varying    conditions,    (III)  the 

relation   of  diameter   to   stroke,    (IV)   the   amount   of 

clearance,  and  (Y)  the  velocities  of  the  gas  with  respect 

to  the  valve  openings. 

He    wished    to   thank    the    President    and    members    of    the 

Institution   for   their   very   cordial   reception   of   his    Paper.     He 

appreciated  the  healthy  and  vigorous  discussion  which  had  followed 

the  reading  of  the  two  Papers,  and  thought  there  could  be  no  doubt 

that  interest  in  the  subject  had  been  greatly  stimulated. 

Dr.  Grindley  wrote,  thanking  the  various  contributors  for  their 
very  welcome  criticism  on  his  Paper.  Referring  to  the  early  part 
of  the  Paper,  when  a  new  cycle  of  operations  was  described  which 
would  lead  to  increased  performances  of  vapour- compression 
machines,  the  majority  of  the  critics  had  assumed  that  he  had 
put  forward  isothermal  compression  as  a  practical  proposition  by 
water-jacketing  the  cylinder  only.  Such  was  not  the  case.  The 
author's  intention  was  to  put  forward  the  claims  of  a  new  and 
simple  theoretical  cycle,  which  oflFered  advantages  over  the 
theoretical  cycle  to  which  present  practice  tended.  The  perfect 
attainment  of  this  cycle  under  the  ordinary  practical  limitations 
was  clearly  impossible,  but,  even  in  an  imperfect  form,  this  cycle 
offered  great  advantages  over  the  old  one,  and  it  was  quite  possible 
that  this  could  be  obtained  by  the  water-jacket.  The  general 
assumption  made  by  those  who  had  discussed  the  new  cycle  was 
that  the  only  alternative  to  isothermal  compression  was  adiabatic 
compression,  but  the  discussion  had  brought  to  light  some  evidence 
which  showed  that  even  with  the  present  cycle,  where  the  mean 
temperature  of  the  vapour  in  the  compressor  was  not  much  above 
that  of  the  jacket-water,  an  interchange  of  heat  did  occur,  so  that 
a  much  greater  interchange  of  heat  should  occur  when  the  vapour 
in  the  compressor  was  at  a  temperature  always  higher  than  that  of 
the  jacket-water.  The  compression  would  then  be  quite  different 
from  the  adiabatic  assumed,  and  any  heat  whatever  extracted  from 
the  vapour  in  the  compressor  meant  increased  performance  of  the 
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machine,  for  only  with  perfect  adiabatic  compression  combined  with 
the  use  of  the  interchanger  wovdd  the  theoretical  performance  fall 
to  that  of  the  old  cycle  of  operations. 

A  second  method  of  approximating  to  the  cycle  would  be  with 
multiple-stage  compression  combined  with  intercoolers,  as  described 
by  Captain  Sankey  (page  1068) ;  and  if  Mr.  Buckton's  remark 
(page  1111)  that  "it  remained  to  be  seen  if  a  multiple-cyHnder, 
high-revolution  type  of  geared  machine  would  oust  the  present 
partially  standardized  horizontal,  long  stroke,  belt-driven  machine 
from  its  present  position  "  should  truly  foreshadow  developments, 
then  the  proposed  cycle  would  be  the  one  aimed  at,  and  the  increases 
in  performance  described  in  the  Paper  largely  realized  in  practice. 

Professor  Jenkin  had  given  a  most  valuable  criticism  of  the 
proposed  cycle  (page  1055),  but  his  remark  that  the  interchanger 
was  of  no  use  at  all,  unless  at  the  same  time  one  could  do 
isothermal  cooling,  hardly  covered  the  facts  for  the  reasons  stated 
above.  Everybody  agreed  that  isothermal  compression  was  an 
ideal  one  only  imperfectly  obtained  in  practice,  but  any  deviation 
whatever  from  the  adiabatic  towards  the  isothermal  in  the  new 
cycle  meant  a  gain  in  performance.  He  (Dr.  Grindley)  was  glad 
to  read  Professor  Jenkin's  note  that,  taking  the  comparison  of 
compressor  volumes  per  unit  of  refrigeration,  the  new  cycle  worked 
out  best.  Like  Professor  Jenkin,  he  would  be  glad  to  see  some 
accurate  experiments  made  to  determine  the  heat  properties  of 
refrigerants,  and  he  waited  with  much  interest  for  the  publication 
of  Professor  Jenkin's  work  in  this  direction. 

The  proposed  cycle  had  received  severe  comment  from  Mr.  Voorhees, 
who,  along  with  Mr.  Morley  and  Mr.  Stokes,  appeared  to  be  pressing 
the  claims  of  a  further  new  cycle  of  operations.  Mr.  Voorhees 
said  (page  1059)  that  adiabatic  compression  was  the  only  alternative 
to  isothermal  cooling,  and  in  his  calculations  on  the  cycle  proposed 
by  the  author,  besides  this  assumption  of  adiabatic  compression,  he 
unnecessarily  increased  the  power  required  by  18  per  cent.  With 
other  assumptions  to  which  he  referred  as  taking  the  figures  in  the 
fairest  way,  he  concluded  that  a  20  per  cent,  loss  of  performance 
would  result.     His  calculations  on  the  cycle  were  incorrect,  since — 
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(1)  the  adiabatic  was  not  the  only  alternative  to  the  isothermal, 
and  (2)  the  power  and  refrigerating  effect  per  pound  were  given 
directly  by  the  (fi-i  diagram,  and  the  power  therefore  did  not  need 
the  18  per  cent,  increase  given  by  Mr.  Yoorhees. 

Mr.  Morley  (page  1125),  who  detailed  the  second  new  cycle 
referred  to  above,  showed  a  T-(f>  diagram  for  the  cycle  in  which 
the  work  done  was  given  as  a  dijfference  of  two  comparatively  large 
quantities,  one  of  which  depended  on  the  problematical  position  of 
a  point  K  on  the  diagram.  An  increase  of  performance  was  shown 
of  13  per  cent.,  but  in  saying  that  this  gain  in  performance  could  be 
increased  to  60  per  cent,  if  the  temperature  of  the  interchanger 
were  0°  C,  Mr.  Morley  must  be  in  considerable  error,  for  his 
(Dr.  Grindley's)  calculations  showed  that  it  was  the  increase  in 
power,  not  performance,  which  went  up  60  per  cent.,  the  increase 
in  performance  being  not  more  than  16  per  cent. 

Before  commenting  on  the  figures  given  in  the  Table  on 
page  1128,  which  were  repeated  by  Mr.  Stokes  on  page  1131,  it  would 
be  necessary  to  know  fuU  details  of  the  experiments  and  method 
of  comparison,  for  such  large  increases  as  shown  in  the  Table  were 
much  greater  than  those  shown  to  be  probable  by  the  t-0  diagram. 
The  true  test  as  to  the  value  of  a  new  cycle  of  operations  was  to 
compare  the  performance  of  machines  specially  designed  to  obtain 
the  best  out  of  each  cycle. 

Among  Mr.  WiUcox's  very  interesting  remarks  (page  1062) 
were  found  references  to  the  subject  of  compound  compression  and 
stage  compression  with  intercooling.  He  (Dr.  Grindley)  coidd  only 
express  regret  that  Mr.  Willcox  gave  no  information  as  to  the 
result  of  experimental  work  on  these  matters,  for  it  must  be 
obvious  to  him  that,  as  Capain  Sankey  had  remarked  (page  1071), 
a  mere  recital  of  work  done  without  giving  results  was  not  of  much 
use  in  discussion. 

Captain  Sankey  had  shown  in  his  valuable  contribution 
(page  1068)  how  stage  compression  with  intercooling  would  realize 
much  of  the  gain  in  performance  shown  by  the  proposed  cycle. 
He  (Dr.  Grindley)  had  worked  out  the  case  of  a  simple  two-stage 
CO2  compressor  with  intercooler  and  working  with  the  interchanger. 


Dec.   1912.  REFRIGERATING    MACHINES.  1143 

With  temperature  limits  10°  F.  and  88-5°  F.,  as  in  the  Table 
(page  1037),  the  gain  in  performance  would  be  at  least  18  per  cent, 
over  the  old  cycle,  and  with  temperature  limits  10°  F.  and  90°  F. 
the  increase  in  performance  would  be  at  least  27  per  cent.  With 
three-stage  compression,  these  gains  would  be  increased.  The 
cycle  proposed,  however,  was  the  limit  to  which  the  above  stage 
compression  tended  when  combined  with  intercooling  between 
cylinders  and  undercooling  by  means  of  the  interchanger,  and  he 
(Dr.  Grindley)  thanked  Captain  Sankey  both  for  his  criticism  of 
the  new  cycle  and  for  his  advocacy  for  the  use  of  the  t-^  diagram, 
which  was  not  always  clearly  understood  and  its  advantages 
realized. 

He  (Dr.  Grindley)  quite  agreed  with  Mr.  Harrap  (page  1071) 
that  to  gain  economy  in  one  part  of  a  cycle  and  lose  it  in  another 
was  of  no  advantage,  but  he  (Dr.  Grindley)  would  point  out  that 
this  was  not  what  was  proposed  in  the  cycle  he  described.  The 
precooling,  which  Mr.  Harrap  said  was  not  used  nowadays,  had  not 
been  accomplished  in  the  manner  described  in  the  Paper. 

The  alleged  unfortunate  miscalculation  by  him  (Dr.  Grindley) 
of  the  great  increase  of  power  in  the  new  cycle,  as  mentioned  by 
Mr.  Tyler  (page  1079),  was  surely  a  more  unfortunate  miscalculation 
on  Mr.  Tyler's  part.  After  the  power  expended  and  the  refrigerating 
effect  produced  per  pound  of  refrigerant  had  been  calculated  correctly 
from  the  diagram,  Mr.  Tyler  proposed  to  increase  this  power  by 
93  per  cent.,  making  Wg  =  34*5  instead  of  17*9,  and  showing  a 
resulting  loss  in  performance  of  26  per  cent,  for  the  new  cycle. 
This  increase  of  power  by  93  per  cent,  was  of  course  incorrect,  for 
the  <^— ^  diagi'am  gave  both  the  power  and  the  refrigerating  effect 
per  pound  correctly. 

Mr.  Hodsdon  (page  1081)  raised  the  question  of  the  value  of 
water-jackets  on  CO2  machines,  and  his  remax'ks  thereon  have  been 
of  great  interest,  but  he  (Dr.  Grindley)  would  like  to  point  out 
that  the  experience  with  dry-compression  machines  that  the  water 
frequently  left  the  jackets  cooler  than  it  went  in,  was  shown  by 
the  T-^  diagram  to  be  both  possible  and  probable,  since  the  mean 
temperature  inside  the  compressor  cylinder  might  be  lower  than 
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that  of  the  jacket- water.  The  practical  higher  limit  of  temperature 
in  the  cylinder  was  given  by  Mr,  Hodsdon  as  150°  F,  or  160^  F.,  and 
he  said  that  under  such  conditions  the  interchanger  would  be  of  no 
use.  Even  if  this  temperature  limit  could  not  be  attained  by  a 
properly  designed  water-jacketed  compressor,  a  two-stage  compressor 
with  intercooler  could  easily  work  below  this  temperature  limit,  so 
that  Mr.  Hodsdon's  sweeping  condemnation  was  unsound. 

The  T  — ^  diagram  for  NH3  shown  by  Mr.  Hodsdon,  when 
compared  with  that  given  on  page  1046,  showed  the  advantage  of 
using  skew  co-ordinates  when  preparing  such  diagrams.  With 
regard  to  the  Table  for  the  properties  of  NH3  given  on  page  1051, 
Mr.  Hodsdon  had  made  some  valuable  remarks.  He  gave  on 
Fig.  49  (page  1084)  a  number  of  lines  showing  the  connection 
between  the  latent  heat  and  the  temperature  as  given  by  various 
authorities,  and  said  that  he  (Dr.  Grindley)  was  not  fair  in  going 
outside  at  the  right-hand  bottom  corner.  He  (Dr.  Grindley) 
would  point  out  that,  so  far  as  he  was  aware,  most  of  these  curves, 
for  temperatures  below  32°  F.  were  based  on  slight  experimental 
evidence,  and  it  was  his  opinion  when  preparing  the  Table  that  the 
best  experimental  result  on  the  value  of  L  at  any  temperature 
below  32°  F.  was  that  of  Franklin  and  KJraus,  who  found  that 
at  ordinary  atmospheric  pressure  the  latent  heat  of  NH3  was 
614  B.Th.U.,  and  the  temperature  of  evaporation  -  27-4°  F.  This 
value  of  L  was  in  fair  agreement  with  the  calculated  result  of 
van  't  Hoff.  Combined  with  this  result,  he  (Dr.  Grindley).  had  the 
results  of  Dieterici's  experiments  above  32°  F.,  and  the  further 
data  that  the  critical  temperature  was  266*9°  F.,  the  latent  heat 
being  then  zero.  The  curve  which  best  represented  these  results 
was  given  by  the  equation  (1),  page  1039,  which  when  plotted  over  a 
range  of  temperature  from  —  40°  F.  to  the  critical  temperature  gave 
the  curve  shown  on  Fig.  59,  on  which  the  results  of  Dieterici 
experiments  (given  by  Zeuner)  and  the  figures  given  by  Anderson 
were  also  plotted.  He  could  not  think  it  probable,  though  of 
course  possible,  that  the  true  curve  would  show  a  fairly  sharp 
deviation  to  the  left,  as  would  be  required  if  Mr.  Hodsdon's 
suggestions  were  carried  out.     The  large  curvatures  shown  by  the 
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lines  marked  MoUier  and  Ledoux  on  Fig.  49  (page  1084)  also  did 
not  appear  to  him  (Dr.  Grindley)  as  probable,  so  that  he  was  left 
with  the  data  mentioned  above  as  the  best  from  which  to  construct 
the  Table  given  in  the  Paper. 

Mr.  Enock's  i-emark  (page  1098)  that  both  vertical  NH3  and 
vertical  CO2  machines  were  sometimes  made  with  water-jackets, 
and  operated  successfully,  showed  that  there  was  some  merit  in  the 
water-jacket  even  when  working  on  the  usual  cycle. 

With  regard  to  Mr.  Knox's  experience  with  refrigerating 
-machines  in  the  tropics  (page  1114),  he  (Dr.  Grindley)  would  like 
to  say  that  it  was  with  the  object  of  making  the  working  of  CO2 
machines  in  the  tropics  more  certain  and  efficient  that  he  originally 
thought  out  the  proposed  cycle,  for  it  was  obvious  that,  with 
condensing  water  at  the  temperatures  described  by  Mr.  Knox,  the 
advantage  of  using  the  new  cycle,  even  in  an  imperfect  form,  must 
be  very  great,  greater  even  than  that  shown  in  the  Paper. 

With  some  of  Mr.  Morley's  remarks  he  had  already  dealt,  but 
with  regard  to  the  symbols  i  and  <//  he  (Dr.  Grindley)  would  point 
out  that  the  term  "  thermodynamic  potential "  was  a  general  term 
applied  usually  to  three  functions,  and  one  of  these  was  the 
enthalpy  of  the  Paper,  which  was  identical  with  the  "  total  heat 
function  "  of  Clausius,  the  latter  title  being  a  reaUy  good  one,  as 
the  definition  of  i  would  show.  Another  of  these  potentials  was 
the  function  i}/  of  the  Paper,  which  Duheim  called  the  "  potential  at 
constant  volume."  The  third  of  these  functions  they  were  not 
concerned  with.  Since  the  Paper  dealt  with  both  i  and  ij/,  he 
(Dr.  Grindley)  only  referred  to  the  latter  as  the  potential.  To 
construct  the  if/  —  i  diagram,  since  for  any  particular  condition  of 
a  substance  we  had  ij/  =  i  —  tcj>,  values  of  ifj  could  be  calculated  at 
once  from  the  cfy  —  i  diagram,  for  the  latter  gave  simultaneous 
values  of  <^  and  i  for  any  temperature  t  in  either  the  Hquid,  dry 
saturated  or  superheated  conditions  of  the  substance,  and  these 
values  of  i/^  could  then  be  plotted  against  i.  Rectangular 
co-ordinates  were  used,  and  the  scale  of  tj/  was  greater  than  the 
scale  of  i,  an  obvious  advantage  since  W  (the  power)  was  less  than 
the  refrigerating  effect  R. 
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As  a  useful  check  on  the  calculations,  it  was  easy  to  see  that  ij/ 
had  the  same  value  for  the  liquid  as  for  the  dry  saturated  vapour  at 
the  same  temperature  and  pressure,  thus  in  the  liquid 

<A«,  =  ««.  -  T^„ 
and  in  the  dry  saturated  vapour 

xjj  =  i  —  Tcf) 

hence  \{/  —  \(/^  =  i  —  {„  —  t(0  —  <^„) 

but  i  —  i„  =  H  +  Aps„  -  (S  +  Apso) 

=  H  -  S 

=  L 
and  t(<^  —  ^„)  =  T^,  =  T-  =  L 

so  that  i/^  —  i/^„  =  L  —  L  =  0 

or  1^  =  1^^ 

In  conclusion,  he  wished  again  to  thank  those  members  who  took 

part  in  the  discussion  for  their  valuable  criticism  and  kind  remarks, 

and    particularly   to    thank    his    old    colleague,    Mr.    J.    Wemyss 

Anderson,  whose  advice  in  refrigeration  matters  had  always  been 

freely  given  to  him. 
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December  1912. 

An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  20th  December  1912,  at  Eight  o'clock  p.m.;  Edward  B. 
Ellington,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  pre^^ous  Meeting  were  read  and  confirmed. 

The  President  announced  that,  to  fill  the  vacancy  among  the 
Members  of  Council,  caused  by  the  decease  of  Mr.  Henry  Lea, 
the  Council  had  appointed  Sir  Gerard  A.  Muntz,  Bart.,  as  a 
Member  of  Council.  He  would  retire  at  the  next  Annual  General 
Meeting,  in  accordance  with  Article  25. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by 
the  Council,  and  that  the  following  ninety-four  candidates  were 
found  to  be  duly  elected  : — 

MEMBERS. 


Adamson,  David, 
Bramwell,  Balfour, 
Buck,  George  Frederick, 
Carter,  George  John, 
Christie,  John  Murray,  . 
Elstob,  Francis, 


Ne  wcastle-on-Ty  ne . 

Belfast. 

Manchester. 

Birkenhead. 

Calcutta. 

London. 
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FoRSTEK,  Alfred  Lindsay, 
Gilbert,  Ernest, 
Griffiths,  Ernest,  . 
higginbotham,  walter, 
HiLLMAN,  Cecil  Robert, 
Kaye,  Louis  James, 
Martin-Da VEY,  William, 
Nevill,  Walter  Elphinstone, 
Nixon,  Willoughby  Francis, 
North,  John  Frederick,  . 
Page,  Frederick  James,  . 
Eeavell,  James  Arthur,  . 
TowNHiLL,  William, 
TwEEDiE,  Frank  Forbes,  . 


Birmingham. 

Moscow. 

Liverpool. 

Glasgow. 

Sao  Paulo. 

Paris. 

Liverpool. 

London. 

Buenos  Aires. 

Para. 

Bombay. 

London. 

Hull. 

JSTegapatam. 


ASSOCIATE   MEMBERS. 

AiTKEN,  James,         .         .  .  . 

Bird,  Harold  Hughes,     .  .  .  . 

Bolton,  Edward  John,      .  .  .  . 

Brand,  William  Deane,  .  .  .  . 

Broughton,  Arthur  Charles,   . 

Chadwick,  Robert  Joseph  Montague, 

Conyngham,  Ernest  Knox, 

Dale,  John  Stanley,         .  .  .  . 

Daniels,  Wilfrid,  .  .  .  .  . 

Da  VIES,  James  Samuel,     .  .  .  . 

Dickson,  Robert  Cochran, 

DiGBY,  Clifford,      ,  ,  .  .  . 

Ellis,  Robert  Battiscombe  Askquith, 

GoLDER,  James,        .  .  .  .  . 

GosFORD,  Albert  Thomas, 

Graham,  James,       .  .  .  .  . 

Hardwicke,  John  Augustus  Vigor,  . 

Harris,  Albert  Edward, 

Harris,  William  Augustus, 

Hawkins,  Burton  Tyas,    .  .  .  . 


Aberdeen. 

Derby. 

Stoke-on-Trent. 

London. 

Berbice,  B.G. 

Hawke's  Bay,  N.Z. 

Jesselton,  B.N.B. 

Preston. 

Leigh,  Lanes. 

Rhondda,  Glam. 

Sumatra. 

Manchester. 

Birmingham. 

London. 

Bombay. 

Selangor. 

Sao  Paulo. 

Rochdale. 

Trinidad. 

St.  Helens. 
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Hennessy,  Charles  Percival,   .  .  Machen,  Men. 

Hill,  Joseph,  .....  Sheerness. 

HoDsoN,  Reginald  Cecil,  .  .  .  London. 

Hulme,  William,     .....  Tokyo. 

Jarvie,  William  Muirhead,      .  .  .  Sing.apore. 

Lawton,  Ralph  Waldo,    ....  Calcutta. 

Leslie-Bredee,  Giacomo,  .  .  .  Calcutta. 

Malan,  Lionel  de  Merindol,    .  .  .  London. 

Manley,  Edward  Lovell,  .  .  .  Saidpur. 

Mitchell,  William  Anderson,  .  .  Titaghur. 

Murray,  John,         .....  Tongaat,  JiTataL 

Neilson,  George,     .....  Blyth. 

Pull,  Ernest,  R.IST.R.,      ....  London. 

Robertson,  George  Wallace,   .  -  .  Preston. 

SuGGATE,  Claude  Francis  Denny,       .  .  London. 

Symons,  Angus  Bryant,    ....  London. 

Taylor,  William  Arthur  Trevor,     .  .  London. 

Thomas,  Frank  George,    ....  Westland,  N.Z. 

TucKETT,  William  Fothergill,  .  .  London. 

Utley,  Reginald,     .....  Lytham. 

Wadia,  Ardeshir  Dosabhai,      .  .  .  Ahmedabad. 

Walker,  James  Ernest,    ....  Calcutta. 

Wallis,  Thomas  Alexander,     .  .  .  Manchester. 

Webber,  James  Trery,  Eng.  Lieut.  R.N.,  .  Portsmouth. 

Whalley,  Hermes  de,       ....  London. 

Wheatley,  Leonard  James  Theodor,  .  Woolwich. 

Young,  Algernon  Gordon,         .  .  .  London. 

Young,  Douglas  Stewart,  .  .  .  London. 


White,  Carter, 


associate. 


London. 


Ayres,  George  Herbert, 
Bansall,  John  Wilson, 
Brierley,  Walter, 
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Carr,  Reginald  Sidney,   . 
Chandler,  William  Richard  Powell, 
DicKSEE,  Cedric  Bernard, 
Drummond,  Walter  James, 
Gilbert,  Reginald  William  Arthur 
Gomme,  David  Esmond, 
Jackson,  Ralph, 
Lawton,  Frederick  William,    . 
Mangnall,  Arthur  Rivington, 
Marriott,  John  Francis  Laycock, 
Menezes,  Joseph  Aloysius, 
Ormrod,  Alfred  Smithells, 
Read,  Alfred  Howard,    . 
Reeves,  Bernard  Jack,    . 
Robinson,  Isaac  Yincent, 
Rogers,  Horace  Edwin,    . 
Seneviratne,  Gannagoda  Don  Irvin, 
Smyth,  Sidney, 
Stack,  William  Auchnleck, 
Stoltenhoff,  Robert, 
Townsend,  Charles  Eric, 
Whyte,  Kenneth  McIntosh, 


Doncaster. 

Gloucester. 

Wembley. 

London. 

Ipswdch. 

Cachar. 

Manchester. 

Stoke-on-Trent. 

Bolton. 

Gloucester. 

London. 

Horwich. 

Liverpool. 

London. 

Widnes. 

London. 

Paisley. 

Ipswich. 

Burton-on- Trent. 

Grimsby. 

London. 

Liverpool. 


The  President  announced  that  the  following  eleven  Transferences 
had  been  made  by  the  Council : — 


Associate  Members  to  Members. 


Baker,  Henry  Newton, 
Beale,  Samuel  Richard, 
Bigg-Wither,  Lionel, 
Binns,  Asa,  .... 

Brayfield,  Thomas  Henry  Gordon, 
Hibberd,  Frederick  Charles, 
Maclean,  James  Borrowman, 
March,  Sydney  Herbert,     . 


London. 

Glasgow. 

Bombay. 

London. 

Hong  Kong. 

Slough. 

Madeira. 

Manchester. 


Dec.   1912.  ELECTION    OF    MEMBERS.  1153 

Smith,  Montague  Howard,  .....  London. 

Sprunt,  Herbert  William,  ....  London. 

Watson,  John,    .......  Kilmarnock. 


The  Discussion  upon  the  two  Papers  on  "  Refrigerating 
Machines,"  which  were  read  at  the  last  Meeting,  was  resumed 
and  concluded. 


The  Meeting  terminated  at  Ten  o'clock.     The  attendance  was 
94  Members  and  42  Visitors. 
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THE  MODULUS  OF  ELASTICITY,  AND  ITS  RELATION 
TO  OTHER  PHYSICAL  QUANTITIES. 


By  a.  H,  STUART,  B.Sc,  op  London. 


[Selected  for  Publication.'] 

It  seems  very  improbable  that  such  an  important  and  weU- 
marked  physical  quantity  as  the  Modulus  of  Elasticity  of  a  metal 
should  be  quite  isolated  and  bear  no  relation  to  the  other  properties 
of  that  metal.  The  following  is  a  record  of  an  attempt  to  link  up 
the  modulus  of  elasticity  of  the  metals  with  the  other  physical 
properties  which  may  be  reasonably  supposed  to  be  akin  to  it. 
After  a  very  large  number  of  trials,  the  modulus  of  elasticity  was 
found  to  be  a  linear  function  of  the  following  quantity,  H, 

,     ^    -_  Density  x  Specific  Heat 

~  Coefficient  of  Linear  Expansion 

Suppose  one  gramme  of  the  metal  in  question  were  taken,  in  the 
form  of  a  rod,  then  H  is  the  number  of  calories  of  heat  which 
would  be  absorbed  by  that  rod  in  doubling  its  length  under  the 
action  of  the  heat  alone. 

In  Table  1  (page  1156)  are  given  the  values  of  the  quantities 
required  for  calculating  H  for  ten  common  metals,  and  also  the 
values  of  the  modulus  of  elasticity  used  in  the  graph.  These  values 
have  in  every  case  been  taken  from  the  most  rehable  source,  and 
where  a  quantity  showed  a  rapid  variation  with  a  rise  of  temperature, 
its  value  at  50°  C.  was  computed.  (This  does  not  apply  to  the 
values  given  for  density.) 
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TABLE  1. 


Metal. 

1 

Density 
grammes 
per  cm'. 

Specific 
Heat. 

Coefficient  of 
Linear  Ex- 
pansion. 

H 
(in  calories). 

E 
Kg.  per  mm^ 

Aluminium 

Al 

2-58 

0-2270 

2-313  X  10-5 

2-54  X  10^ 

6-71  X  10' 

1  Copper 

Cu 

8-9 

1  0-0920 

1-666 

4-91 

10-98 

Gold    .     . 

Au 

19-3 

0-0316 

1-443 

4-23 

9-68 

Iron     . 

Fe 

7-86 

0-1130 

1-140 

7-80 

18-46 

Lead    .     . 

Pb 

11-34 

0-0299 

2-955 

1-15 

1-8 

Platinum  . 

Pt 

21-48 

0-0323 

0-899 

7-72 

17-04 

SUver  .      . 

Ag 

10-5 

0-0568 

1-921 

3-09 

6-87 

Tin      .      . 

Sn 

7-8 

0-0559 

2-234 

1-83 

4-17 

Zinc     . 

Zn 

7-14 

0-096 

2-905 

2-36 

8-64 

Brass   .     . 

— 

8-7 

0-092 

1-859 

4-30 

9-65 

All  the  elementary  metals  of  which  data  could  be  obtained 
have  been  included.  Brass,  the  only  alloy  of  which  data  referring 
to  a  sample  of  constant  composition  is  at  present  available,  is 
also  given. 

Fig.  1  shows  the  graph  obtained  by  plotting  H  against  the 
Modulus  of  Elasticity,  E.  It  will  at  once  be  seen  that,  with  the 
exception  of  zinc,  the  points  lie  very  well  about  a  straight  line. 
It  is  significant  that  the  line  passes  through  the  origin.  This  is 
quite  in  accordance  with  what  one  might  expect,  for  if  we  can 
imagine  a  m.etal  which  required  no  mechanical  energy  to  stretch  it 
to  double  its  original  length,  it  is  reasonable  to  suppose  that  no 
heat  would  be  required  to  accomplish  the  same  operation. 

The  equation  for  this  line  (determined  from  the  graph)  is 
E  =  0-225  H.  Calculating  the  modulus  of  elasticity  by  means 
of  this  equation,  from  the  computed  values  of  H,  and  comparing  the 
results  so  obtained  with  those  of  standard  observations,  Table  2  is 
obtained  (page  1158). 
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As  already  stated,  zinc  is  the  only  metal  which  stands  badly 
aloof  from  the  graph.  The  position  of  lead,  however,  is  somewhat 
worse  than  it  appears,  owing  to  its  very  low  modulus  of  elasticity. 
The  other  metals  which  are  somewhat  out  of  alignment  are 
aluminium  and  iron.  Let  us  consider  the  possible  explanation  of 
these  discrepancies. 

Fig.  1. — Graph  obtained  by  plotting  H  against  the  Modulus  of  Elasticity,  E. 


The  modulus  of  elasticity  of  all  metals  varies  to  some  extent 
with  variations  of  temperature,  and  also  with  the  "  condition "  of 
the  specimen  examined  (for  example,  whether  it  is  cast  or  drawn). 
The  presence  of  impurities  also  influences  the  elasticity,  especially 
in  some  metals.  These  variations  are  shown  by  zinc  to  an  almost 
unequalled  extent.     The  work  of  v.  Miller  shows  that  the  modulus 
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TABLE  2. 


Metal. 

H 

E 
Kg.  permm^ 

E  =  0-225H 
Kg.  per  mm^ 

Error. 

(Observed.) 

(Calculated.) 

Per  cent. 

Aluminium  . 

2-54  X  10^ 

6-71  X  10^ 

5-73  X  10' 

+  0-98  =  17 

Copper 

4-91 

10-98 

11-00 

-0-02  =  0-18 

Gold    . 

4-23 

9-68 

9-55 

+  0-13  =  1-3 

Iron     . 

7-80 

18-46 

17-60 

+  0-86  =  4-6 

Lead    . 

1-15 

1-8 

2-59 

-0-79  =  43 

Platinum 

7-72 

17-04 

17-30 

-0-26  =  1-3 

Silver  . 

3-09 

6-87 

6-96 

-0-09  =  1-3 

Tin      . 

1-83 

4-17 

4-13 

+  0-04  =  1 

Zinc     . 

2-36 

8-64 

5-32 

+  3-32  =  38 

Brass  . 

4-30 

9-65 

9-68 

-0-03  =  0-3 

-J?   _i- _!..•  --i.—  _£  _•„ 

i_    _  _   cir\ 

jir__  _      j_  _     ?  A  _ 

of  elasticity  of  zinc  varies  as  much  as  20  per  cent,  according  to  its 
condition,  while  the  value  measured  at  0^  C.  falls  33  per  cent, 
when  the  temperature  rises  to  100^  C.  (It  will  be  remembered 
that  those  elements — carbon,  boron,  and  silicon — whose  specific 
heat  varied  largely  with  temperature,  were  the  transgressors  of 
Dulong  and  Petit's  law.)  Again,  Zatzenelsohn  has  shown  that  the 
modulus  of  elasticity  of  aluminium  falls  19*5  per  cent,  when  the 
temperature  rises  from  0°  to  100^  C. 

Lead  has  such  a  very  low  modulus  of  elasticity  that  any  small 
error  of  observations  necessarily  influences  the  result  seriously, 
and  its  ductility  is  such  as  to  render  its  condition  a  very  important 
factor. 

The  preparation  of  iron  in  a  state  of  chemical  purity  presents 
considerable  difficulty,  and  its  modulus  of  elasticity  is  found  to 
lie  within  very  wide  limits  indeed,  when  small  proportions  of 
other  substances  are  combined  with  it. 
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For  the  sake  of  those  who  wish  to  follow  up  this  interesting 
investigation,  it  might  be  wise  to  mention  the  paths  which  have 
already  been  followed,  but  which  have  failed  to  fulfil  a  useful 
purpose.  Much  time  was  lost  by  taking  the  unit  of  volume  as  a 
standard  of  compai'ison ;  it  was  only  when  unit  weight  was  taken 
that  a  regular  graph  was  obtained.  Again,  since  a  rod  expanded 
by  heat  increases  in  sectional  area,  while  the  same  rod  expanded 
under  mechanical  force  has  its  sectional  area  diminished,  it  might 
reasonably  be  expected  that  the  coefficient  of  bulk  elasticity  would 
be  the  one  to  use.  (This  coefficient  is  usually  denoted  by  K  and  is 
equal  to  stress  per  unit  area/strain  per  unit  volume.     It  may  be 

E 
calculated    from    the     formula    K  =  5  _  g  ,    where    rj  =  Poisson's 

coefficient.)      No   regular   graph    could    be    obtained    by    its    use, 
however. 

The  Paper  is  illustrated  by  one  Fig.  in  the  letterpress. 


4    K 


Dbc.  1912.  1161 


MEMOIRS. 

Edwin  Adams  was  born  in  Manchester  in  1862.  He  received 
his  technical  education  at  the  Owens  College,  Manchester,  where 
he  was  twice  placed  first  in  the  examination  for  the  Ashbury 
Exhibition.  He  served  his  apprenticeship  from  1880  to  1887 
in  the  locomotive  workshops  of  the  Manchester,  Sheffield,  and 
Lincolnshire  Railway  at  Gorton,  and  on  its  completion  he  was 
engaged  as  a  draughtsman  in  Messrs.  Hulse  and  Co.'s  Works, 
Salford.  During  1888-9  he  took  charge  of  the  firm's  exhibits  at 
Melbourne,  and  on  his  return  to  Salford  he  was  employed  as 
foreman  at  the  works  until  1892,  when  he  was  appointed  assistant 
manager.  In  1894  he  became  outside  representative  of  the  firm, 
both  at  home  and  abroad,  and  on  its  conversion  into  a  company  in 
1898  he  was  made  a  director.  This  position  he  held  until  the 
death  of  Mr.  Henry  Bates  in  1903,  when  he  was  appointed 
managing  director ;  he  retained  this  post  until  his  death  which 
took  place  at  Alderley  Edge  on  28th  September  1912,  at  the  age 
of  fifty.     He  became  a  Member  of  this  Institution  in  1897. 

AsPLAN  Beldam  was  born  at  Bluntisham,  Hunts,  on  5th  October 
1841.  He  served  his  apprenticeship  with  Messrs.  Kitson,  Thompson 
and  Hewitson,  locomotive  engineers,  of  Leeds,  since  which  time  his 
life  was  spent  wholly  in  marine  engineering  work.  He  gained  his 
first  few  years'  experience  at  Messrs.  Miller  and  Ravenhill's  Works, 
Blackwall,  Messrs.  Lungley's,  Deptford,  with  the  General  Steam 
Navigation  Co.,  and  with  Messrs.  John  Penn  and  Sons,  Greenwich, 
a  portion  of  this  time  being  spent  in  the  engine-room  at  sea.  In 
1865  he  left  the  service  of  Messrs.  Penn  and  Sons,  and  took  the 
position  of  manager  of  the  City  of  Worcester  Locomotive  and 
General  Engineering  Works.  Two  yeai-s  later  he  was  appointed 
manager   of    shipbuilding   and    engineering   works    at    Northfleet, 
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where  he  built  and  engined  two  merchant  steamers  on  the 
compound  principle  ;  and  in  1871  he  brought  out  a  boiler  to  work 
at  a  pressure  of  150  lb.  per  square  inch.  At  the  end  of  1869  he 
joined  the  firm  of  Messrs.  George  Forrester  and  Co.,  VauxhaU 
Foundry,  where  he  carried  out  some  important  contracts.  A  few 
years  later  he  accepted  the  position  of  superintendent  engineer  of 
the  Flower  Line  of  steamships ;  and  in  1876  he  commenced  practice 
in  London  as  consulting  engineer.  In  this  capacity  he  acted  for 
the  Castle  Line  (Messrs.  Thomas  Skinner  and  Sons),  Messrs. 
Money  Wigram  and  Sons,  the  Eastern  Telegraph  Co.,  and  many 
other  firms.  Amongst  the  well-known  steamers  built  to  his  designs 
and  under  his  supervision  was  the  S.S.  "  Stirling  Castle,"  which 
brought  home  from  Hankow  upwards  of  6,000  tons  of  tea  in  the 
unprecedented  time  of  twenty-eight  days.  He  was  the  founder  of 
the  business  of  the  Beldam  Packing  and  Rubber  Co.,  and  brought 
out  many  useful  inventions,  such  as  semi-metallic  packings,  metallic 
rings  for  high-pressures,  and  corrugated  metallic  valves  for  air  and 
circulating  pumps.  His  death  took  place  at  his  residence  at  Ealing 
on  16th  December  1912,  at  the  age  of  seventy-one.  He  became  a 
Member  of  this  Institution  in  1888  ;  he  was  also  a  Member  of  the 
Institution  of  Xaval  Architects,  and  was  the  first  President  of  the 
Institute  of  Marine  Engineers. 

Joseph  Ashworth  Boorman  was  born  at  Heywood,  Lancashire, 
on  3rd  December  1855.  He  was  educated  at  the  Lancastrian 
School  and  Mechanics'  Institute,  Manchester,  and  the  Manchester 
School  of  Art  evening  classes.  At  the  age  of  fifteen  he  began  an 
apprenticeship  of  seven  years  at  the  works  of  Messrs.  J.  and 
J.  Kershaw  and  completed  it  at  the  machine-tool  works  of  Messrs. 
Craven  Brothers,  Manchester.  In  1877  he  was  engaged  as  assistant 
foreman  with  Messrs.  John  Elce  and  Co.,  machinists,  Manchester, 
and  two  years  later  he  became  chief  foreman  in  the  tool  department 
of  Messrs.  Greenwood  and  Batley,  Leeds.  This  position  he  held 
until  1888,  when  he  was  appointed  chief  representative  for  the 
firm.  After  having  been  over  thirty-one  years  with  Messrs. 
Greenwood  and  Batley,  he  resigned  his  post  in  1910  to  commence 
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business  on  his  own  uccount  in  Leeds  as  engineering  merchant  and 
agent ;  and  was  making  good  progress  in  building  up  a  connection 
when  his  death  took  place  suddenly,  at  Blackpool,  on  31st  August 
1912,  in  his  fifty-seventh  year.  He  became  a  Member  of  this 
Institution  in  1895. 

Henry  Wheeler  Bulkley  was  born  in  New  York  City  on 
22nd  July  1841.  He  received  his  preliminary  education  in  the 
public  schools  of  New  York,  and  entered  the  College  of  the  City  of 
New  York.  Shortly  after  the  beginning  of  the  Civil  War  in  1861, 
he  left  college  to  receive  a  commission  in  the  Navy  as  assistant 
engineer.  He  served  throughout  the  remainder  of  the  war,  and,  at 
its  termination,  opened  offices  as  an  engineer  in  New  York  City  in 
1866.  Shortly  after  this,  he  perfected  his  invention  of  an  injector- 
condenser,  and  from  that  time  until  his  death  he  was  engaged  in 
its  manufacture,  as  well  as  that  of  steam-pumps,  pyrometers,  and 
water-heaters.  He  also  made  numerous  improvements  in  connection 
with  steam  appliances,  pumps,  <fec.  His  death  took  place  on 
8th  November  1911,  at  the  age  of  seventy.  He  became  a  Member 
of  this  Institution  in  1881. 

DuGALD  Drummond  was  born  at  Ardrossan  on  1st  January 
1840,  his  father  being  permanent- way  inspector  on  the  Bowling 
section  of  the  North  British  Railway.  He  served  his  apprenticeship 
with  Messrs.  Forrest  and  Barr,  general  engineers  and  millwrights, 
of  Glasgow,  and  on  its  completion  he  worked  on  the  Caledonian 
and  Dumbartonshire  Railway  for  a  time,  and  then  spent  two  years 
with  Mr.  Thomas  Brassey,  of  Canada  Works,  Birkenhead.  In 
1864  he  joined  the  Edinburgh  and  Glasgow  Railway  Co.,  prior  to 
its  amalgamation  with  the  North  British  Railway  Co.,  and  in  the 
following  year  he  went  to  Invei-ness  as  foreman  erector  in  the 
Highland  Railway  Works,  under  the  late  Mr.  William  Stroudley. 
In  1870  Mr.  Stroudley  left  the  North  in  order  to  take  up  the 
appointment  of  locomotive,  carriage  and  wagon  superintendent 
of  the  London,  Brighton  and  South  Coast  Railway,  and  Mr. 
Drummond  resigned  his   post  at  Inverness  in  order  to  accompany 
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him  as  his  assistant.  Five  years  later  he  was  offered  the  post  of 
locomotive,  carriage  and  wagon  superintendent  of  the  North  British 
Railway,  which  he  accepted.  In  1882  the  Caledonian  Railway  Co. 
asked  him  to  fiU  the  same  position  on  its  line,  and  he  accordingly 
left  the  service  of  the  North  British  Railway  Co.  to  take  up  his 
new  post,  which  he  held  for  eight  years.  In  1890  he  finally 
severed  his  direct  connection  with  the  Scottish  railway  companies, 
and  set  up  in  business  on  his  own  account,  founding  the  Glasgow 
Railway  Engineering  Co.,  at  Govan,  which  is  still  being  carried  on 
by  his  surviving  son,  Mr.  George  Drummond.  In  1895  he  was 
offered  and  accepted  the  appointment  of  chief  mechanical  engineer 
of  the  London  and  South  Western  Railway  Co.,  which  had 
previously  been  held  for  seventeen  years  by  Mr.  W.  Adams.  This 
appointment  he  held — during  the  same  period  as  his  predecessor — 
until  the  time  of  his  death.  Among  the  best  known  of  his  many 
inventions  may  be  mentioned  the  cross-tube  locomotive  fire-box, 
^ts  average  life  being  noi,  less  than  equivalent  to  a  locomotive 
mileage  of  350,000 ;  boilers  fitted  with  these  fire-boxes  are  notable 
for  their  easy  steaming.  Another  feature  he  introduced  with 
success  was  the  heating  of  the  water  in  the  tender  by  means  of 
exhaust  steam.  Such  high  temperatures  as  were  attained  rendered 
the  use  of  injectors  impossible,  and  accordingly  he  installed  steam- 
operated  feed-pumps.  All  the  engines  on  the  London  and  South 
Western  Railway  are  now  fitted  with  the  Drummond  spark  arrester, 
which  is  one  of  the  most  efl&cacious  of  any  that  have  been  tried  in 
this  country.  One  or  two  of  the  different  types  of  locomotives  he 
introduced  may  be  referred  to.  In  1898  he  designed  a  locomotive 
(No.  720)  purposely  to  do  away  with  piloting.  It  really  consisted 
of  two  entirely  independent  sets  of  engines  driving  separate  shafts, 
the  wheels  themselves  being  without  coupling-rods.  Another 
engine  which  embodied  several  new  departures  was  the  six- 
coupled  four-cylinder  non-compound  locomotive  which  was 
introduced  at  the  end  of  1907.  This  engine  with  its  tender 
weighed  as  much  as  116  tons;  it  contained  a  steam-drier  in  the 
smoke-box,  and  the  tender  was  fitted  with  a  water  picking-up 
arrangement.     In  1903  he  introduced  a  steam  motor-coach  to  deal 
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with  the  midday  subui-ban  traffic.  The  first  to  be  made  was 
intended  to  run  between  Fratton  and  Havant.  The  removal  of 
the  locomotive  works  from  Nine  Elms  to  Eastleigh  was  carried  out 
under  his  supervision,  and  the  new  works  were  erected  to  his 
designs.  He  was  a  man  of  great  ability  and  gifted  as  an  organizer 
and  manager  of  men.  During  the  late  railway  strike  not  a  single 
man  from  his  department  went  on  strike.  He  established  classes 
in  the  works  for  the  training  of  the  young  men  under  him,  and 
took  a  keen  interest  in  their  welfare.  His  death  took  place  at  his 
residence  in  Surbiton,  after  a  serious  operation  following  a  scald  on 
the  leg,  on  7th  November  1912,  in  his  seventy-third  year.  He 
becam.e  a  Member  of  this  Institution  in  1886 ;  he  was  also  a 
Member  of  the  Institution  of  Civil  Engineers,  and  of  the 
Association  of  Railway  Locomotive  Engineers,  and  held  the  rank 
of  Major  in  the  Engineer  and  Railway  Staff  Corps,  Territorial 
Force. 

FiNLAT  FiNLAYSON  was  born  at  Dunbar,  East  Lothian,  on 
10th  April  1852.  He  was  educated  in  the  same  town,  and  at 
the  age  of  eighteen  he  went  to  the  west  of  Scotland  to  commence 
an  apprenticeship  with  Messrs.  MiUer  and  Anderson,  Atlas  Works, 
Coatbridge,  On  its  completion  in  1874  he  remained  with  the  firm, 
being  appointed  shop  foreman,  a  position  he  held  until  he  received 
an  appointment  in  1881  as  chief  of  the  ei'ecting  department  in  the 
works  of  Messrs.  Easton  and  Anderson,  Erith.  Later  in  the  same 
year  he  went  to  the  Mossbay  Iron  and  Steel  "Works,  "Workington, 
to  take  up  the  position  of  works  engineer.  Two  years  later  he  was 
selected  by  the  Glengarnock  Iron  and  Steel  Co.,  to  superintend  and 
lay  out  the  new  steel  works  which  they  were  erecting  at  that  time. 
On  the  completion  of  this  undertaking,  he  returned  to  his  old  firm 
in  Coatbridge — now  known  as  Miller  and  Co.,  Vulcan  Foundry — to 
be  general  manager.  After  being  with  them  for  ten  years,  he  was 
appointed  by  Messrs.  Stewarts  and  Menzies  to  take  charge  of  the 
remodelling  of  their  Clydesdale  Steel  "Works,  where  he  remained 
for  five  years.  In  1902  he  commenced  business  on  his  own  account 
as  a  consulting  engineer  in  the  Iron  Works  District,  and  carried 
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out  some  important  new  works,  including  Cairnliill  Iron  Works, 
Coatbridge,  and  a  large  engineering  shop  and  Siemens  furnace  for 
Messrs.  R.  B.  Tennent,  Ltd.,  of  Coatbridge.  His  death  took  place, 
after  a  long  illness,  on  12th  October  1912,  at  the  age  of  sixty.  He 
became  a  Member  of  this  Institution  in  1891 ;  he  was  also  a 
Member  of  the  Iron  and  Steel  Institute  and  the  Institution  of 
Engineers  and  Shipbuilders  in  Scotland. 

George  Hyde  was  born  in  Manchester  on  18th  November  1868. 
He  was  educated  at  Derby,  and  was  engaged  in  the  Derby  and 
Nottingham  District  Engineer's  office,  Great  Northern  Railway, 
under  Mr.  A.  J.  Grinling,  as  assistant  upon  the  varied  works  in 
connection  with  150  miles  of  railway  and  50  miles  of  canal.  This 
work  comprised  the  preparation  of  drawings,  surveys,  and  setting 
out  of  branch  I'ailways  and  extensions,  and  supervising  their 
construction,  including  that  of  bridges  and  signalling  work.  In 
March  1898  he  was  appointed  chief  engineer  and  works  manager 
to  Messrs.  Pilkington  Bros.  Sheet  Glass  "Works,  St.  Helens, 
Lancashire.  In  this  capacity  he  had  charge  of  the  construction 
of  large  Siemens  gas-furnaces,  gas-producers  and  plant,  boilers, 
clay-working  machinery,  Dellwik  and  Mond  plants,  &c.  This 
position  he  held  until  his  death  which  took  place  at  St.  Helens, 
after  a  prolonged  illness,  on  14th  November  1912,  in  his  forty- 
fourth  year.  He  became  an  Associate  Member  of  this  Institution 
in  1902,  and  was  an  Associate  Member  of  the  Institution  of  Civil 
Engineers ;  he  was  also  a  Member  of  the  Council  of  the  Liverpool 
Engineering  Society. 

Robert  Middleton  was  boi-n  at  Leeds  on  4th  October  1847. 
At  the  age  of  twenty-three  he  became  the  proprietor  of  the 
Sheepscar  Foundry,  Leeds,  making  a  speciality  of  hydrauUc 
machinery.  The  business  rapidly  increased,  so  that  the  works 
had  to  be  enlarged,  and  the  building  of  Corliss,  pumping,  and 
stationary  engines  was  added.  Subsequently  he  brought  out 
machinery  for  making  patent  fuel  or  briquettes,  and  developed  a 
large  business  in  this  connection.     His  death  took  place  at  Leeds 
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on    11th    October    1912,  ;it    the  age  of    sixty-five.      He  became  a 
Member  of  this  Institution  in  1891. 

Vaughan  Pendred  was  born  in  Ireland  in  1836,  and  lived 
until  a  young  man  on  the  family  estate  of  Bari'aderry  in  County 
Wicklow.  His  father  was  a  classical  scholar  of  some  note  and  his 
mother  a  highly  educated  woman.  From  them  and  from  two 
resident  governesses  he  received  all  his  teaching.  He  was  never 
at  a  school,  and  his  education  was  due  to  his  extraordinary  avidity 
for  books,  aided  by  a  highly  retentive  memory.  The  estate,  being 
Irish,  was  impoverished  and  he  had  to  make  his  way  in  the  world 
alone,  without  financial  assistance  of  any  kind  and  without  any 
greater  preparation  for  an  engineer's  calling  than  he  had  acquired 
by  reading,  study,  and  the  making  of  models.  He  was  known  to 
Zerah  Colburn,  the  editor  of  The  Engineer  at  that  time,  by  his 
letters,  and  when  Mr.  Pendred  came  to  London  to  look  for  work 
as  an  engineer,  Colburn  introduced  him  to  Mr.  Aveling,  of  Aveling 
and  Porter's,  and  Mr.  Aveling  found  him  an  opening  in  a  little 
works  in  Stafibrdshire.  But  liis  letters  on  engineering  subjects 
had  attracted  the  attention  of  Mr.  Passmore  Edwai'ds,  the 
proprietor  of  The  Mechanic's  3Iagazine,  and,  after  a  few  months 
in  the  works,  he  was  asked  to  fill  the  editorial  chair  of  that  paper. 
Two  years  or  so  later,  in  1865,  when  Mr.  Colburn  left,  Mr.  Pendred 
was  oflfered  the  editorship  of  The  Engineer,  and  retained  it  till  1905 
when  he  retired,  his  second  son — Loughnan  Pendred,  Member — 
taking  his  place.  The  history  of  his  life's  work  is  to  be  found 
in  the  pages  of  the  paper  to  which  he  devoted  aU  his  energies. 
He  knew  all  the  eminent  engineers  of  his  time  and  had  seen  the 
whole  development  of  engineering  which  marked  the  Victorian  era. 
Traction  by  sea  and  land  appealed  to  him  particularly,  and  his 
opinion  on  railway  matters  and  the  locomotive  especially, 
commanded  universal  respect.  He  was  a  welcome  visitor  at  the 
meetings  of  aU  engineering  societies,  and  not  infrequently  took 
part  in  discussions  which  he  illuminated  by  his  sound  common 
sense  and  brightened  by  the  humour  which  never  failed  him. 
His  death  took  place  at  his  residence  at  Streatham,  where  he  had 
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lived  foi'  forty  years,  on  12th  October  1912,  at  the  age  of  seventy- 
six.  He  became  a  Member  of  this  Institution  in  1900;  he  was 
also  a  Member  of  the  Iron  and  Steel  Institute,  and  for  many 
years  of  the  Society  of  Engineers,  and  was  an  honorary  member  of 
the  Cleveland  Institution  of  Engineers. 

Charles  David  Phillips  was  born  at  Kewport,  Mon.,  on 
26th  December  1845.  After  having  been  educated  at  Long  Ashton 
and  ISTormal  College,  he  served  his  apprenticeship  as  a  mechanical 
engineer,  and  made  a  rapid  advancement  so  that  he  soon  became 
proprietor  of  an  engineering  establishment.  He  ultimately  took 
extensive  premises  at  ^Newport,  known  as  the  Emlyn  and  Central 
Engineering  Works,  together  with  works  at  Gloucester,  and 
subsequently  added  branches  in  London  and  Cardift*.  At  the 
Newport  Works  he  carried  out  repairs  of  all  kinds  to  locomotives, 
engines,  boilers,  itc,  and  manufactured  hauling  engines,  saw- 
benches,  mortar  mills,  foundry  core  ovens,  &c.  He  also  brought 
out  apparatus  for  automatically  controlling  Bessemer  converters. 
His  entire  Engineering  Works  and  Foundry  have  recently  been 
concentrated  at  Kewport,  Mon.  All  phases  of  outdoor  life 
appealed  to  him.  He  not  only  manufactured  and  dealt  in 
agricultural  machinery,  but  became  an  active  farmer  in  a  large 
and  successful  way ;  and  for  a  number  of  years  he  was  one  of 
the  honorary  secretaries  of  the  Monmouthshire  Chamber  of 
Agriculture.  In  addition  to  his  connection  with  local  societies, 
he  was  a  very  active  participant  in  the  Shows  of  the  Royal 
Agricultural  Society  and  the  Bath  and  West  of  England  Society. 
For  a  few  years  he  was  a  member  of  the  Newport  Corporation,  but 
retired  through  pressure  of  business,  though  he  continued  to  take 
a  deep  interest  in  the  public  afiairs  of  the  town  and  county,  for 
both  of  which  he  was  a  Justice  of  the  Peace.  His  death  took 
place  at  his  residence  in  Newport,  after  a  long  illness,  on 
21st  October  1912,  in  his  sixty-seventh  year.  He  became  a 
Member  of  this  Institution  in  1885 ;  he  was  also  a  Member  of 
the  Iron  and  Steel  Institute  and  of  the  South  Wales  Institute  of 
Engineers. 
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Walter  Henry  Scott  was  born  at  Coldstream,  Berwick, 
on  16th  January  1837.  His  early  education  was  received  at 
Kincardine-on-Forth,  after  which  he  studied  at  the  City  of 
London  School.  In  June  1851  he  began  his  apprenticeship  under 
the  late  Mr.  J.  E.  McConnell  at  the  Wolverton  Engine  Works  of 
the  Southern  Division  of  the  London  and  North  Western  Railway. 
After  passing  through  the  various  departments,  including  the 
drawing  office,  he  was  transferred  to  the  office  of  the  locomotive 
superintendent,  and  subsequently  was  promoted  to  the  post  of 
outdoor  inspector  in  the  locomotive  department.  When  the 
Southern  Division  was  amalgamated  in  1862  with  the  Northern 
Division,  he  was  transferred  to  Crewe.  In  December  1863  he  was 
recommended  by  Mr.  John  Ramsbottom  to  Sir  John  Hawkshaw 
for  the  post  of  locomotive  and  carriage  superintendent  of  the 
Mauritius  Government  Railways,  which  post  he  held  from 
January  1864  to  June  1870  when  he  was  appointed  General 
Manager  and  Engineer  of  these  railways.  During  the  period  he 
held  this  position  the  two  spans  of  the  Grand  River  Bridge, 
damaged  by  a  hurricane  in  March  1868,  were  repaired,  launched, 
and  fixed,  and  various  extensions  to  the  lines  were  made.  For 
these  services  he  received  the  special  thanks  of  the  Executive 
Council.  In  1879  he  resigned  his  appointment,  and  after  a  few 
months  as  assistant  manager  of  the  Mersey  Steel  and  Iron  Works, 
Liverpool,  he  proceeded  to  Chile  as  general  manager  and  engineer 
of  the  Taltal  Railway.  This  was  a  line  abounding  in  steep  gradients 
and  sharp  curves  and  with  almost  a  complete  absence  of  water 
suitable  for  locomotives.  After  about  three  years  the  concern  was 
rendered  successful,  and  Mr.  Scott  went  to  Buenos  Aires  as 
locomotive,  carriage  and  wagon  superintendent  to  the  Buenos 
Aires  Great  Southern  Railway.  Six  years  later  he  was  appointed 
general  manager  and  engineer  of  the  Northern  of  Uruguay 
Railway  (now  amalgamated  with  the  Midland  and  North  Western 
of  Uruguay  Railway).  Having  returned  to  England,  he  was 
offered  the  post  of  general  manager  and  engineer  of  the  Great 
Western  of  Brazil  Railway,  but  not  agreeing  with  the  policy  of 
the  directors   he   retired.      Since    that   date,   1904,  he    resided    at 
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East  Molesey,  Surrey.  His  death  took  place  at  Ilford,  on 
8th  November  1912,  in  his  seventy-sixth  year.  He  became  a 
Member  of  this  Institution  in  1861. 

Walter  Henry  Smith  was  born  in  Manchester  on  2nd  June 
1857.  His  scholastic  education  was  received  at  St.  Saviour's 
elementary  school,  Manchester,  and  his  technical  education  was 
self-taught.  In  1867  he  began  an  apprenticeship  of  seven  years  in 
the  shops  and  drawing  office  of  Messrs.  Sharp,  Stewart  and  Co., 
Atlas  Works,  Manchester,  and  on  its  completion  in  1874  he  was 
engaged  as  draughtsman  at  the  works  of  Messrs.  Beyer,  Peacock 
and  Co.,  of  Manchester.  Six  years  later  he  became  head 
draughtsman  with  Messrs.  Kitson  and  Co.,  Airedale  Foundry, 
Leeds,  and  in  1884  he  was  appointed  chief  draughtsman  and 
assistant  manager  with  Messrs.  Hawthorn,  Leslie  and  Co., 
Newcastle-on-Tyne.  From  1890  to  1897  he  acted  as  inspector  for 
the  late  Sir  James  Brunlees,  and  was  also  in  business  on  his  own 
account  as  a  consulting  engineer.  In  the  latter  year  he  was 
appointed  works  manager  with  Messrs.  Kerr,  Stuart  and  Co., 
Stoke-on-Trent,  which  position  he  held  until  1899,  when  he  acted 
for  two  years  as  consulting  engineer  at  Leeds  and  Blackpool.  In 
1901  he  went  to  South  Africa  to  take  up  the  position  of  mechanical 
engineer  to  the  Public  Works  Department  of  the  Government  of 
Cape  Colony,  from  which  position  he  retired  in  1908.  His  death 
took  place  on  29th  March  1912,  in  his  fifty-fifth  year.  He  became 
a  Member  of  this  Institution  in  1904. 

William  Tartt  was  born  at  Trowbridge  on  29th  February  1832. 
He  served  his  apprenticeship  at  the  Coalbrookdale  Iron  Co.'s  Works, 
and  on  its  completion  he  was  employed  for  a  time  in  the  locomotive 
department  of  the  London  and  North  Western  Railway  at  Wolverton 
and  Crewe.  He  next  was  engaged  in  the  works  of  Messrs.  J.  and  G. 
Rennie,  marine  engineers,  of  London,  until  1864  when  he  was 
appointed  superintending  engineer  of  the  Euphrates  and  Tigris 
Steam  Navigation  Co.  In  that  capacity  he  had  complete  charge 
of  all  the  company's  steamers  and  engineering  works  on  those  two 
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rivers,  his  headquarters  being  at  Bussora  and  Bagdad.  In  1883  he 
resigned  his  position  and  returned  to  this  country,  taking  up  his 
residence  at  South  Godstone,  Surrey.  He  took  a  great  interest  in 
local  afiiiirs,  and  for  25  years  was  a  member  of  the  Godstone  Rural 
District  Council  and  Board  of  Guardians,  of  which  latter  body  he 
was  chairman  for  some  years.  His  death  took  place  suddenly  at 
his  residence,  on  9th  August  1912,  in  his  eighty-first  year.  He 
became  a  Member  of  this  Institution  in  1879. 

William  John  "Wakefield  Turvey  was  born  at  Plumstead, 
Kent,  on  25th  November  1881.  After  being  educated  at  private 
schools,  he  commenced  an  apprenticeship  at  the  age  of  fifteen,  in 
the  Torpedo  Factory,  Royal  Arsenal,  Woolwich,  and  in  the  following 
year  he  was  transferred  to  the  Torpedo  Design  Office,  which  position 
was  obtained  by  competitive  examination.  During  the  six  years 
he  was  in  this  department  he  also  studied  in  the  evenings  at  the 
Woolwich  Polytechnic,  where  he  obtained  several  diplomas  and 
prizes.  In  October  1903  he  became  draughtsman  at  the  India 
Rubber,  Gutta  Percha  and  Telegraph  Works  Co.,  Silvertown,  and 
in  October  of  the  following  year  he  went  for  a  short  time  as 
draughtsman  at  Messrs.  Robert  Hoe  and  Co.'s  Works,  Borough 
Road,  London.  In  February  1905  he  returned  to  the  Royal 
Arsenal  as  draughtsman  in  the  Chief  Mechanical  Engineer's 
Department.  Four  years  later  he  resigned  his  position  and  went 
to  New  Zealand,  residing  at  Napier,  when  he  became  assistant  to 
the  borough  engineer  in  March  1911.  In  October  of  the  same 
year  he  was  appointed  assistant  town  clerk,  and  held  that  position 
until  his  death  which  took  place  after  a  short  illness,  on  28th  August 
1912,  in  his  thirty-first  year.  He  became  an  Associate  Member  of 
this  Institution  in  1910. 
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Bangor,  Co.  Down,  Garden  Party  at  Belfast  Summer  Meeting,  8 

Bansall,  J.  W.,  elected  Graduate,  1151. 
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Belfast  Corporation  Gas  Works,  821, 

Belfast  Corporation  Tramways,  824. 

Belfast  Harbour  Works,  Visited  at  Belfast  Summer  Meeting,  815. 

Belfast  New  Graving  Dock,  Paper  on  New  Graving  Dock,  Belfast: 
Mechanical  Plant  and  General  Appliances,  by  W.  R.  Kelly,  653. — Cost ; 
duration  of  construction,  653. — Plan  of  Belfast  Harbour,  654. — 
Dimensions  of  graving  dock,  655. — Pumping  Appliances,  656 ;  pumps  ; 
pump-casings  ;  steam-ejectors,  657 ;  auxiliary  pump,  658. — Engines, 
658 ;  accessories  to  pumping  plant,  659. — Hydraulic  power-supply 
plant,  660  ;  pumps  ;  accumulator,  661 ;  accessories,  662. — Boilers,  662 ; 
boiler-house,  663 ;  feed-heater ;  steam-main,  664 ;  scantlings  of  pipes 
and  flanges ;  auxiliary  steam-main,  665. — Hydraulic  capstans,  666. — 
Caisson  gate,  666. — Caisson  hauling  plant,  671. — Penstock  doors  for 
culverts,  672. — Pumping  station  buildings,  674. 

Discission.— Ellington,  E.  B.,  Thanks  to  author,  674.— Hobbs,  C.  J., 
Hydraulic  power  for  coaling  cranes  at  Belfast,  675  ;  design  of  pump- 
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body  and  engine  frames  ;  Admiralty  capstans,  676. — Shillington,  T.  P., 
Difficulties  attending  construction  of  dock,  676. — Patchell,  W.  H., 
Reduction  of  boiler  plant  obtained  by  installing  condensing  engines, 
677 ;  regulation  of  pumps ;  temporary  division  of  dock ;  hydraulic 
capstans ;  steam-engine  plant,  678 ;  steam-pipe  flanges,  679. — Dixon, 
W.,  Suggested  larger  dock  at  Glasgow;  change  in  engineering  practice 
in  seven  years,  679  ;  small  proportional  outlay  on  engineering  plant ; 
subsidiary  plant,  680.— Kelly,  W.  R.,  Three-throw  cranks  to  hydraulic 
capstans,  680  ;  engine  control ;  efficiency  of  pumps  at  varying  heads ; 
division  of  dock  into  compartments ;  water  consumption  by  engines, 
681.— Results  of  official  tests,  682, 

Belfast  Rope  work  Co.,  830. 

Belfast  Summer  Meeting,  585.— Reception,  585. — Decease  of  Henry  Lea, 
587.— Business,  587.— Votes  of  Thanks,  596.— Excursions,  809,  815-7.— 
Institution  Dinner,  809.— Description  of  Works  visited,  819. 

Bell,  J.,  elected  Graduate,  592. 

Bellman,  H.,  elected  Graduate,  592. 

Bbntall,  a.  p.,  elected  Associate  Member,  589. 

Bettison,  F.  C,  elected  Associate  Member,  872. 

Bbynon,  H.,  elected  Associate  Member,  872. 

BiGG-WiTHEB,  L.,  Associate  Member  transferred  to  Member,  1152. 

BiLLiNGHURST,  R.  W.  B.,  elected  Associate  Member,  872. 

BiNNS,  A.,  Associate  Member  transferred  to  Member,  1152. 

Bird,  G.,  Memoir,  860. 

Bird,  H.  H.,  elected  Associate  Member,  1150. 

Bird,  P.  A.,  elected  Associate  Member,  872. 

Blackburn,  A.  A.,  Associate  Member  transferred  to  Member,  594. 

Blackwell,  G.,  elected  Associate  Member,  589. 

Blakeney,  S.  E.,  elected  Associate  Member,  589. 

Blythe,  W.  a.,  elected  Associate  Member,  872. 

Boak,  C.  F.,  elected  Associate  Member,  872. 

Bolton,  C.  J.  H.,  elected  Graduate,  592. 

Bolton,  E.  J.,  elected  Associate  Member,  1150. 

Bond,  H.  F.,  elected  Graduate,  592. 

BooRMAN,  J.  A.,  Memoir,  1162. 

Borner,  0.  L.,  Associate  Member  transferred  to  Member,  591. 

Brabner,  p.,  elected  Associate  Member,  872. 

Bradshaw,  S.,  elected  Associate  Member,  872. 

Brameld,  p.,  elected  Associate  Member,  872. 

Bramwell,  B.,  elected  Member,  1149. 

Brand,  W.  D.,  elected  Associate  Member,  1150. 

Brayfield,  T.  H.  G.,  Associate  Member  transferred  to  Member,  1152. 
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Bread  Factory,  Belfast,  846. 

Brennand,  J.,  elected  Graduate,  592. 

Brier,  H.,  Remarks  on  Refrigerating  Machines,  1092. 

Erierley,  W.,  elected  Graduate,  1151. 

Brookfield  Linen  Works,  Belfast,  831. 

Brotherton,  E.,  elected  Associate  Member,  589. 

Broughton,  a.  C,  elected  Associate  Member,  1150. 

Broughton,  H.  H.,  Remarks  on  Wire  Ropes,  739. 

Buchanan,  W.  E.,  Associate  Member  transferred  to  Member,  594. 

Buck,  G.  F.,  elected  Member,  1149. 

Buckton,  E.  J.,  Remarks  on  Refrigerating  Machines,  1110. 

Bulkley,  H.  W.,  Memoir,  1163. 

Bull,  C.  G.,  elected  Associate  Member,  872. 

Burdock,  A.,  elected  Associate  Member,  589. 

Burke,  T.,  Remarks  on  Wire  Ropes,  732,  733. 

Bury,  R.  E.,  Associate  Member  transferred  to  Member,  594. 

Calthrop,  K.  de  S.,  elected  Graduate,  874. 

Cameron,  D.  E.,  elected  Associate  Member,  589. 

Campbell,  J.  D.,  elected  Associate  Member,  589. 

Campbell,  R.  G.,  Remarks  at  Institution  Dinner,  Belfast,  811. 

Cantrell  and  Cochrane,  Aerated  and  Mineral  Water  Manufactory,  Belfast, 

832. 
Carbonic  Anhydride  Refrigerant  (C0„),  955,   1006.      See   Refrigerating 

Machines. 
Carr,  R.  S.,  elected  Graduate,  1152. 
Carter,  G.  J.,  elected  Member,  1149. 
Cartwright,  I.  R.,  elected  Graduate,  592. 
Caspersen,  H.  E.,  elected  Member,  588, 
Casson,  W.,  Associate  Member  transferred  to  Member,  594. — Remarks  on 

Dynamical  Diagrams  of  a  Train,  935. 
Catto,  J.,  elected  Member,  588. 

Cave-Bbowne-Cave,  T.  R.,  Eng.  Lieut.,  elected  Associate  Member,  589. 
Chadwick,  R.  J.  M.,  elected  Associate  Member,  1150. 
Chalmers,  A.  S.,  elected  Associate  Member,  589. 
Chandler,  W.  R.  P.,  elected  Graduate,  1152. 
Chrimes,  T.  E.,  elected  Graduate,  592. 

Christiansen,  A.  G.,  Associate  Member  transferred  to  Member,  875. 
Christie,  J.  M.,  elected  Member,  1149. 
Circular  Sawing-Machines,  757.     See  Sawing-Machinea. 
Clark-Neill,  J.,  elected  Associate,  874, 
CoATBS,  J.,  elected  Associate  Member,  872. 


Dec.  1912.  INDEX.  1177 

CocKCROFT,  E.  E.,  elected  Associate  Member,  589. 

Codling,  J.  H.,  elected  Associate  Member,  872. 

CoLCLOUGH,  E.,  elected  Member,  588. 

CoLEY,  A.  B.,  elected  Member,  588. 

CoMMERCiAr,  Utilization  op  Peat,  787.     See  Peat, 

CoNYNGHAM,  E.  K.,  elected  Associate  Member,  1150. 

COj  Refrigerating  Machines,  949.     See  Refrigerating  Machines. 

Cook,  J.,  elected  Graduate,  592. 

Cook,  J.  W.  D.,  elected  Graduate,  592. 

Cook,  T.,  elected  Member,  588. 

CooKSON,  F.  R.  C,  elected  Associate  Member,  872. 

Copping,  G.  Ll.,  elected  Associate  Member,  872. 

Council  Appointment,  1149. 

CouPER,  J.  D.  C,  elected  Member,  588. 

Cracknell,  R.  J.,  Remarks  on  Refrigerating  Machines,  1066. 

Cragg,  W.  0.,  elected  Associate  Member,  589, 

Craig,  R.  G.,  elected  Associate  Member,  872. 

Craig,  W.,  elected  Associate  Member,  589. 

Cromie,  W.  H.,  elected  Graduate,  592. 

Crooke,  S,  E.,  elected  Graduate,  874, 

Cbyer,  J,  W.,  Associate  Member  transferred  to  Member,  594. 

Crybr,  T.  B.,  elected  Graduate,  592. 

CuREiE,  A,  W.,  elected  Graduate,  592, 

CuTHBERT,  F,,  elected  Associate  Member,  872. 

Dalby,  W.  E.,  Paper  on  Characteristic  Dynamical  Diagrams  for  the  motion 
of  a  Train  during  the  accelerating  and  retarding  periods,  877. — Remarks 
thereon,  931,  944. 

Dale,  J.  S,,  elected  Associate  Member,  1150. 

Damant,  a,  C,  C,  elected  Associate  Member,  872. 

Daniels,  W.,  elected  Associate  Member,  1150, 

Darbishire,  J,  B.,  Remarks  on  Irish  Narrow-Gauge  Railway  Rolling  Stock, 
631. 

Davies,  J.  S.,  elected  Associate  Member,  1150, 

Davison,  E.  J.,  Associate  Member  transferred  to  Member,  875. 

Davy,  E.  V.,  elected  Associate  Member,  589, 

Dawson,  T,  S.,  elected  Member,  871, 

Deane,  R,  H.  a.,  elected  Associate  Member,  872. 

December  Meeting,  1912,  Business,  1149, 

Delves,  F,  J.,  Jun,,  elected  Graduate,  592, 

Denniss,  a,  W,,  Associate  Member  transferred  to  Member,  594, 

Dickinson,  H.,  elected  Associate  Member,  589. 
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DiCKSEE,  C.  B.,  elected  Graduate,  1152. 

Dickson,  E.  H.  LI.,  elected  Associate  Member,  589. 

Dickson,  R.  C,  elected  Associate  Member,  1150. 

DiGBY,  C,  elected  Associate  Member,  1150. 

Dinner,  Belfast,  809. 

Distilleries,  Belfast,  833. 

Dixon,  E.  C,  elected  Associate  Member,  589. 

Dixon,  W.,  Remarks  on  Belfast  New  Graving  Dock,  679: — on  Commercial 
Utilization  of  Peat,  795. 

Dock,  New  Graving  Dock,  Belfast,  653.     See  Belfast  New  Graving  Dock. 

Donald,  A.,  elected  Associate  Member,  589. 

Donkin,  H.  J.,  elected  Associate  Member,  589. 

Donnelly,  J.,  elected  Associate  Member,  872. 

Donnelly,  S.  H.,  elected  Associate  Member,  589. 

Douglas,  W.  S.,  Remarks  on  Refrigerating  Machines,  1112. 

Drinnan,  J.,  Associate  Member  transferred  to  !M ember,  875. 

Druitt,  C.  L.,  elected  Graduate,  592. 

Drummond,  D.,  Memoir,  1163. 

Drummond,  W.  J.,  elected  Graduate,  1152. 

Dudgeon,  H.  A.,  elected  Member,  588. 

DuTSCAN,  B.  A.,  elected  Graduate,  592. 

Duncan,  E.  M.,  elected  Member,  588. 

DuNLUCE  Castle,  Visited  at  Belfast  Summer  Meeting,  816. 

Dunn,  J.,  Memoir,  860. 

DuNViLLE  AND  Co.'s  DISTILLERIES,  Belfast,  833. 

DuTHiE,  H.,  elected  Graduate,  593. 

DwYER,  D.  A.,  elected  Associate  Member,  590. 

Dynamical  Diagrams  of  a  Train,  Paper  on  Characteristic  Dynamical 
Diagrams  for  the  motion  of  a  Train  during  the  accelerating  and 
retarding  periods,  by  W.  E.  Dalby,  877. — Headings  of  Paper,  877. — 
Fundamental  importance  of  the  acceleration  period,  878. — Tractive- 
force  curves,  879. — Characteristic  dynamical  diagram  for  a  particular 
case,  881 ;  scales ;  diagram ;  accelerating  forcej  884 ;  limiting  speed, 
885  ;  time-speed  curve,  886 ;  time-distance  curve,  887 ;  kinetic-energy- 
distance  curve,  888 ;  speed-distance  curve ;  checks,  889. — General 
features  of  the  diagram,  890. — Dynamometer-car  record  of  the  Riviera 
Express  from  Paddington,  891. — Reduction  of  the  data  from  a 
dynamometer-car  record  to  the  curves  of  the  diagram,  895. — Braking, 
900 ;  braking  of  a  wheel-element,  901 ;  braking  a  vehicle  composed  of 
similar  wheel-elements,  905 ;  braking  an  engine  composed  of  dissimilar 
wheel-elements,  906. — Tension  on  a  draw-bar  due  to  unequal  braking  of 
engine  and  train,  907.— Characteristic  dynamical  diagram  for  a  train 
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stopping  from  a  speed  of  60  miles  per  liour,  'J08. — Value  of  the 
coefficient  of  friction  between  cast-iron  brake-blocks  and  steel  tyres  in 
terms  of  the  speed  and  time,  912. — Moments  of  inertia  of  typical  pairs 
of  wheels  and  axles,  914. 

Discussion. — Ellington,  E.  B.,  Value  of  graphic  method  of  dealing 
with  mathematical  problems  ;  thanks  to  author,  917. — Hele-Shaw, 
H.  S.,  Characteristic  curves  for  internal-combustion  engine  locomotives, 
918 ;  method  of  obtaining  diagram,  920. — Longland,  \V.,  Importance  of 
author's  diagram,  921 ;  accidental  errors  eliminated  in  diagram ; 
changes  of  velocity  also  eliminated,  922. — Maw,  W.  H.,  Rotational 
acceleration  or  retardation  of  wheels,  924 ;  calculation  of  retardation 
required  to  stop  a  train,  925. — Fowler,  H.,  Contradictory  results  of 
working,  926 ;  effect  of  wind  on  train  resistance ;  IMidland  Railway 
dynamometer-car  records,  927. — Trotter,  A.  P.,  "Force  of  acceleration," 
927;  instrument  for  measuring  acceleration,  928. — Spooner,  G.  P., 
Effect  on  draw-gear  of  two  unequally  braked  vehicles,  929 ;  speed 
curves  for  ascertaining  h.p.  per  ton,  930. — Dalby,  W.  E.,  Graphical 
methods  present  an  infinite  series  of  solutions  of  an  equation ; 
"weighed  gradient,"  931;  accidental  errors  of  observation  smoothed 
out  by  graphical  methods,  932 ;  actual,  not  average,  change  of  speed 
requisite  for  finding  train-resistance ;  effect  of  wind  resistance  on 
draw-bar  pull,  983  ;  "  calculus  dodging  "  ;  "  force  of  acceleration  "  not 
quite  an  accurate  term,  934 ;  draw-bars  broken  by  unequal  braking, 
935. 

Communications. — Casson,  W.,  Characteristic  curves  for  130-ton 
electric  train,  936  ;  watt-hours  per  ton-mile  with,  and  without, 
assisting  gradients,  939  ;  machine  for  testing  coeiBcients  of  friction  for 
brakes,  940. — Jenkin,  B.  M.,  Characteristic  diagrams  for  tank-engine 
and  electric  train,  942-3.— Dalby,  W.  E.,  Accelerations  of  steam 
locomotive  and  electric  motor  compared,  944. 
Dynamometer-Car  Record  of  Express  Train,  892.  See  Dynamical 
Diagrams  of  a  Train. 

Edwards,  T.  H.,  elected  Associate  Member,  590. 

Edye,  J.  DE  G.,  elected  Associate  Member,  872. 

Elasticity,  Modulus  of,  1155.     See  Modulus  of  Elasticity. 

Election,  Members,  etc.,  587,  871,  1149. 

Electricity  Works,  Belfast,  819. 

Ellington,  E.  B.,  Reply  to  Welcome  at  Belfast  Summer  Meeting,  586. — 
Remarks  on  decease  of  Henry  Lea,  587. — Moved  Vote  of  Thanks  at 
Belfast  Summer  Meeting,  596. — Remarks  on  Irish  Narrow-Gauge 
Railway  Rolling  Stock,   631 :— on   Belfast   New   Graving   Dock,   G74, 
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680:— on  Flax  Spinning  Spindle,  701 :— on  Wire  Ropes,  723,  727,  732, 
733  : — on  Straight-Blade  Sawing-Machines,  775  : — on  Commercial 
Utilization  of  Peat,  793 : — at  Institution  Dinner,  Belfast,  814 : — on 
Dynamical  Diagrams  of  a  Train,  917  : — on  Refrigerating  Machines,  1054. 

Elliott,  C.  F.  J.,  elected  Member,  871. 

Ellis,  R.  B.  A.,  elected  Associate  Member,  1150. 

Elstob,  F,  elected  Member,  1149. 

Enoch,  A.  G.,  Remarks  on  Refrigerating  Machines,  1096. 

Erskine,  J.,  Remarks  on  Flax  Spinning  Spindle,  702. 

Everett,  E.  J.  E.,  elected  Associate  Member,  590. 

Excursions  at  Summer  Meeting,  Belfast,  809. 

Eyles,  G.  F.,  elected  Graduate,  593. 

Faiebairn-Crawford,  I.  F.,  elected  Associate  Member,  872. 

Fairlie,  W.  E.,  elected  Member,  588. 

Farbridge,  J.  W.,  elected  Associate  Member,  872. 

PiELDEN,  F.,  Remarks  on  Commercial  Utilization  of  Peat,  802. 

Finch,  R.  J.,  elected  Associate  Member,  872. 

FiNLAYSON,  F.,  Memoir,  1165. 

Fire  Brigade,  Belfast,  820. 

Flax  Spinning  Mills,  Belfast,  838,  856. 

Flax  Spinning  Spindle,  Paper  on  the  Evolution  of  the  Flax  Spinning  Spindle, 
by  J.  Horner,  685. — Necessity  for  knowledge  of  early  principles  of 
construction,  685. — Primitive  form  of  spindle;  whorl,  686;  early 
examples  of  spindles,  687  ;  fineness  of  yarn  produced  in  India,  688  ; 
Chinese  form  of  spinning  wheel ;  simple  spindle  driven  by  band,  689. — 
Spinning  and  winding  conjointly  :  Leonardo  da  Vinci's  inventions,  690 ; 
method  for  reducing  velocity  of  bobbin,  693  ;  effect  of  drag  on  bobbin, 
694.— Arkwright's  cotton-spinning  frame,  696. — Drag-weight,  698 ; 
modern  building  motion,  699. 

Discussion. — Ellington,  E.  B.,  Thanks  to  author;  Leonardo  da  Vinci, 
701. — Erskine,  J.,  Modem  flax  spinning  and  its  requirements,  702. — 
Taylor,  H.,  Development  of  manufacture  of  smaU  articles,  703. — Hele- 
Shaw,  H.  S.,  Arkwright's  specification,  703. — Aspinall,  J.  A.  F.,  First 
hank  of  cotton  was  produced  by  J.  Wyatt,  704. — Horner,  J.,  Arkwright's 
concealment  of  his  specification,  704 ;  Wyatt  and  Paul's  system  of 
drawing  by  roller,  705. 

Foreman,  J.  T.  W.,  elected  Member,  871. 

Forbter,  a.  L.,  elected  Member,  1150. 

Forward,  P.  G.,  elected  Graduate,  593. 

Fowler,  C.  H.,  elected  Associate  Member,  590. 

Fowler,  H.,  Remarks  on  Dynamical  Diagrams  of  a  Train,  926. 
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Fox,  L.  M.,  elected  Associate  Member,  872. 

Fbampton,  E.,  Memoir,  861. 

Fbaseb,  J.  H.,  elected  Associate  Member,  872. 

FuRKERT,  F.  W.,  elected  Associate  Member,  872. 

Fyfpe,  a.  M.,  Associate  Member  transferred  to  Member,  875. 

Gamble,  S.  A.,  elected  Associate  Member,  590. 

Garden  Party,  at  Bangor,  Co.  Down,  816. 

Gabbatt,  H.  W.,  Remarks  on  Irish  Narrow-Gauge  Railway  Rolling  Stock,  649. 

Gas  Wobks,  Belfast,  821. 

Gaunt,  J.  W.,  elected  Associate  Member,  873. 

Giant's  Causeway,  Excursion  to,  Belfast  Summer  Meeting,  816. 

Giant's  Causeway  Electbic  Tbamway,  Portrush,  858. 

GiBBS,  J.  E.,  elected  Associate  Member,  590. 

Gilbebt,  E.,  elected  Member,  1150. 

Gilbebt,  R.  W.  a.,  elected  Graduate,  1152. 

Gledhill,  C,  elected  Graduate,  593. 

GoDDABD,  W.  C,  elected  Associate  Member,  590. 

GoLDEB,  J.,  elected  Associate  Member,  1150. 

GoMME,  D.  E.,  elected  Graduate,  1152. 

GoocH,  S.  J.,  elected  Graduate,  874. 

GoODACBE,  E.  J.,  elected  Associate  Member,  873. 

GosFOBD,  A.  T.,  elected  Associate  Member,  1150. 

GouDiE,  R.,  elected  Member,  588. 

Gbaham,  E.,  elected  Associate  Member,  590. 

Gbaham,  J.,  elected  Associate  Member,  1150. 

Gbaving  Dock,  Belfast,  653.     See  Belfast  New  Graving  Dock. 

Gbeen,  R.,  elected  Associate  Member,  590. 

Gbeenfield,  E.  B.,  elected  Graduate,  874. 

Gbeenfield,  J.,  elected  Associate  Member,  873. 

Gbiffiths,  E.,  elected  Member,  1150. 

Gbiffiths,  H.  R.,  elected  Associate  Member,  873. 

Gbimwood,  B.  C.  R.,  elected  Associate  Member,  590. 

Gbindley,  J.  H.,  Payer  on   the  Theory  of  Refrigerating  Machines,  1033. — 

Remarks  thereon,  1140. 
Gunning  and  Campbells,  Flax  Spinning  Mill,  Belfast,  838. 
Gutcheb,  W.,  Memoir,  862. 
Guy,  H.  L.,  elected  Associate  Member,  873. 

Haan,  p.  de,  elected  Associate  Member,  873. 

Hack  Sawing-Machines,  759.     See  Sawing-Machines. 

Hadengue,  C.  B.,  Memoir,  862. 
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Hall,  W.,  elected  Member,  588. 

Hally,  G.,  elected  Associate  Member,  873. 

Hammett,  D.  H.,  elected  Associate  Member,  873. 

Handoll,  H.,  elected  Member,  588. 

Hanson,  J.,  elected  Associate  Member,  590. 

Hardman,  J.  H.,  elected  Associate  Member,  590. 

Haedwicke,  J.  A.  v.,  elected  Associate  Member,  1150. 

Harland  and  Wolff,   Shipbuilding  Works,   Visited    at    Belfast    Summer 

Meeting,  809.— Description,  838. 
Harrap,  G.  T.,  Remarks  on  Refrigerating  Machines,  1071. 
Harris,  A.  E.,  elected  Associate  ]\Iember,  1150. 
Harris,  V.  G.,  elected  Associate  Member,  590. 
Harris,  W.  A.,  elected  Associate  Member,  1150. 
Harrison,  G.,  elected  Associate  Member,  590. 
Hart,  W.  B.,  elected  Associate  Member,  590. 
Hawkins,  B.  T.,  elected  Associate  Member,  1150. 
Haydon,  G.  S.,  elected  Associate  Member,  590. 
Hayward,  R.  D.,  elected  Graduate,  874. 
Hele-Shaw,  H.  S.,  Remarks  on  Flax  Spinning  Spindle,  703  : — on  Wire  Ropes, 

733  : — on  Dynamical  Diagrams  of  a  Train,  917. 
Hendry,  R.  B.,  elected  Member,  588. 
Hennessy,  C.  p.,  elected  Associate  Member,  1151. 
Hepton,  E.  S.,  elected  Associate  Member,  873. 
HiBBERD,  F.  C,  Associate  Member  transferred  to  Member,  1152. 
HiCKSON,  C.  H.,  elected  Associate  Member,  873. 
Higginbotham,  W.,  elected  Member,  1150. 
Hill,  Joseph  (Derby),  Remarks  on  Straight-Blade  Sawing-Machines,  776  : — 

on  Commercial  Utilization  of  Peat,  798. 
Hill,   Joseph   (Sheerness),   Remarks    on    Refrigerating  Machines,   1113. — 

Elected  Associate  Member,  1151. 
Hill,  S.  B.,  elected  Graduate,  874. 
HiLLMAN,  C.  R.,  elected  Member,  1150. 
Hind,  H.  R.,  elected  Associate  Member,  590. 
HoBBS,  C.  J.,  Remarks  on  Belfast  New  Graving  Dock,  675. 
Hodsdon,  G.  C,  Remarks  on  Refrigerating  Machines,  1080. 
HoDSON,  R.  C,  elected  Associate  Member,  1151. 
HoLLiNGSwoBTH,  F.,  elected  Associate  Member,  590. 
HOPKINSON,  A.,  elected  Associate  Member,  590. 
HoENER,  J.,  Paper  on  the  Evolution  of  the  Flax  Spinning  Spindle,  685. — 

Remarks  thereon,  704. 
HoRSBUBGH,  G.  D.  L.,  elected  Associate  Member,  590. 
Howard,  H.  L.,  Associate  Member  transferred  to  Member,  594. 
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Howard,  J.  W.,  Memoir,  863. 

Hughes,  F.,  elected  Associate  Member,  590. 

Hughes,  G.,  Remarlis  on  Wire  Ropes,  741. 

HuLME,  W.,  elected  Associate  Member,  1151. 

Hutchinson,  G.  V.  V.,  elected  Associate  Member,  590. — Remarks  on  Irish 

Narrow-Gauge  Railway  Rolling  Stock,  636. 
Hutchison,  H.,  elected  Associate  Member,  873. 
HuTTON,  W.  M.,  elected  Member,  588. 
Hyde,  G.,  Memoir,  1166. 
Hyde,  J.  H.,  elected  Associate  Member,  873. 

Inglis  and  Co.,  Bread  Factory,  Belfast,  846. 

Innes,  W.,  elected  Associate  Member,  590. 

Institution  Dinner,  Belfast,  809. 

Ireland,  A.  J.  T.,  elected  Graduate,  593. 

Irish  Narrow-Gaugb  Railway  Rolling  Stock,  Paper  by  R.  M.  Livesey,  599. 
— Cheapness  of  narrow-gauge  construction ;  requirements  of  Board  of 
Trade  increase  cost  of  construction,  599;  disadvantages  outweigh 
advantages :  steep  gradients  and  sharp  curves,  600 ;  transhipment 
trucks ;  limits  to  size  of  engines ;  universal  use  of  side-tank  engines ; 
design  of  fire-box,  601 ;  fire-box  troubles ;  outside  cylinders  give 
steadiness  iu  running,  602 ;  couplings ;  lubrication,  603 ;  advantages 
of  narrow-gauge,  604. — Profiles  of  main  line  and  branches  of  Co. 
Donegal  Railways,  605 ;  particulars  of  rolling  stock,  606-14. — 
Londonderry  and  Lough  Swilly  Railway  rolling-stock,  614-6. — 
Ballycastle  Railway. — Cork,  Blackrock  and  Passage  Railway. — -West 
and  South  Clare  Railways,  617. — Schull  and  Skibbereen  Railway. — 
Midland  Railway  (N.C.C.) :  Ballymena  and  Lame  Section. — Cavan 
and  Leitrim  Railway,  618.— Clogher  Valley  Railway,  620.— Castlederg 
and  Victoria  Bridge  Tramway. — Listowel  and  Ballybunion  Railway 
(Lartigue  system),  621. — Table  of  comparative  dimensions  of  Irish 
narrow-gauge  rolling-stock,  624-7.  Table  of  working  costs  for  1911, 
628-30. 

Discussion. — Ellington,  E.  B.,  Thanks  to  author,  631. — Darbishire, 
J.  E.,  Early  engines  of  the  West  Donegal  Railway ;  construction  of 
rails  too  light  at  first,  631 ;  cost  of  construction  in  Brazil ;  broad- 
gauge  lines  altered  to  narrow-gauge  for  convenience  of  working,  632. — 
Aspinall,  J.  A.  F.,  Cost  of  construction  of  narrow-gauge  railways  per 
mile,  632  ;  Belgian  lines,  633  ;  South  African  lines,  634.— Malcolm,  B., 
Early  narrow-gauge  lines,  634;  height  of  centre  of  bufier  from  rail 
varies  on  different  systems ;  couplers,  635 ;  circular  fire-boxes,  636. — 
Hutchinson,  G.  V.  V.,  Design  of  fire-box  chief  difficulty  on  narrow- 
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gauge  lines,  636 ;  position  of  blast-pipe,  687  ;  forced  lubrication  to 
axle-journals  and  bogie-centres,  638. — Twinberrow,  J.  D.,  Lack  of 
standardization  on  narrow-gauge  lines ;  radius  of  minimum  curve ; 
super-elevation  of  outer  rail,  638 ;  objections  to  tank-engines ; 
secondary  stresses  in  fire-boxes,  639 ;  objection  to  single-axle  truck  ; 
method  of  comparing  earning  capacity  of  locomotives,  640 ; 
disadvantages  of  outside  valve-gear,  641. — Livesey,  R.  M.,  Broad-gauge 
lines  altered  to  narrow-gauge  ;  cost  of  construction  per  mile,  641 ;  no 
advantage  derived  from  narrow-gauge  system  in  Ireland;  height  of 
buffer  centres,  643  ;  width  of  fire-box  depends  on  its  position  ;  analysis 
of  water  used,  644 ;  adoption  of  circular  fire-boxes ;  lubrication 
refinements,  645  ;  lift  of  outer  rail  on  curves,  648  ;  position  of  bearings 
and  of  outside  valve-gear,  649. 

Communications. — Garratt,  H,  W.,  Fire-box  difficulties  surmounted 
in  "  Garratt  "  locomotive,  649. — Livesey,  E.  M.,  "  Garratt "  locomotive 
suitable  for  difficult  curves  and  gradients,  650  ;  good  results  from 
superheating,  651. 

Jackson,  C.  L.  H.,  elected  Graduate,  593. 

Jackson,  F.  M.,  elected  Graduate,  874. 

Jackson,  E,.,  elected  Graduate,  1152. 

James,  T.,  Remarks  on  Wire  Ropes,  730,  732. 

Jantzen,  p.  H.  H.,  elected  Associate  I\Iember,  590. 

Jarmain,  E.  a.,  elected  Member,  588. 

Jabvie,  W.  M.,  elected  Associate  Member,  1151. 

Jenkin,  B.  M.,  Remarks  on  Dynamical  Diagrams  of  a  Train,  941. 

Jenkin,  C.  F.,  Remarks  on  Refrigerating  Machines,  1054. 

Johnson,  A.  R.,  elected  Associate  Member,  590. 

Johnson,  L.  R.,  Remarks  on  Commercial  Utilization  of  Peat,  798. 

JuNNEB,  G.  M.,  elected  Graduate,  593. 

Kaye,  L.  J.,  elected  Member,  1150. 

Keegan,  G.  H.,  elected  Associate  Member,  873. 

Kelly,  W.  R.,  Paper  on   the   New  Graving  Dock,  Belfast,  653.— Remarks 

thereon,  680. 
Kemp,  E.,  elected  Associate  Member,  873. 
Kendall,  R.,  elected  Associate  Member,  590. 
Kent,  W.  M.,  elected  Associate  Member,  873. 
Kettle,  L.  J.,  Associate  Member  transferred  to  Member,  875. 
Kewley,  p.  E.,  elected  Associate  Member,  873. 
Kingston,  C.  S.,  elected  Associate  Member,  590. 
Knox,  R.,  Remarks  on  Refrigerating  Machines,  1114. 
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Lacey,  E.  C,  elected  Member,  588. 

Lake,  W.  0.,  elected  Member,  588. 

Lambourne,  a.,  elected  Associate  Member,  590. 

Lampobt,  E.  J.,  elected  Graduate,  874. 

Lancaster,  J.  S.,  elected  Graduate,  593. 

Langton,  J.  M.  E.,  Associate  Member  transferred  to  Member,  594. 

Langton,  S.  W.  B.,  elected  Associate  Member,  590. 

Latham,  P.  B.,  elected  Graduate,  874. 

Lawpoed,  a.  N.,  elected  Associate  Member,  873. 

Lawrence,  J.  J.  R.,  elected  Associate  Member,  590. 

Lawton,  F.  W.,  elected  Graduate,  1152. 

Lawton,  R.  W.,  elected  Associate  Member,  1151. 

Lea,  H.,  Decease,  587.— Memoir,  864. 

Lea,  J.  T.,  elected  Associate  Member,  590. 

Leadbeater,  W.,  elected  Associate  Member,  590. 

Ledingham,  J.  M.,  Memoir,  865. 

Lee,  J.  J.,  elected  Associate  Member,  873. 

Lees,  W.,  elected  Member,  588. 

Le  Masurier,  J.,  Associate  Member  transferred  to  Member,  594. 

Leslie-Bbedke,  G.,  elected  Associate  Member,  1151. 

Lewis,  A.  E.,  elected  Graduate,  593. 

Lewis-Heath,  F.  J.,  Eng.  Lieut.,  elected  Member,  588. 

Lidey,  H.  D.,  elected  Graduate,  874. 

Linen  Works,  Belfast,  831. 

Liverpool  Refrigeration  Co.,  Remarks  on  Refrigerating  Machines,  1120. 

Livesey,  R.  M.,  Paper  on  Rolling  Stock  on  the  principal  Irish  Narrow-Gauge 

Railways,  599. — Remarks  thereon,  641,  650. 
Locomotives,  Irish  Narrow-Gauge,  599.     See.  Irish  Narrow-Gauge  Railway 

Rolling  Stock. 
Lofthouse,  W.,  elected  Associate  Member,  590. 
LoNGLAND,  W.,  Remarks  on  Dynamical  Diagrams  of  a  Train,  921. 
LoNGSDON,  H.  S.,  elected  Associate  Member,  873. 
LuMSDEN,  T.  T.  M.,  Memoir,  865. 
Lyons,  R.  E.  B.,  Associate  Member  transferred  to  ]Member,  594. 

McGlean,  W.  N.,  elected  Member,  588. 
McCrie,  B.,  elected  Associate  Member,  873. 
Macdonald,  W.  R.,  elected  Member,  588. 
McGiLL,  E.  W.,  elected  Graduate,  874. 
McGregor,  S.  W.  B.,  elected  Member,  588. 
MacGuckin,  C.  J.  G.,  elected  Associate  Member,  873. 
Mackie,  J.,  Remarks  at  Institution  Dinner,  Belfast,  813. 
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MacKinnon,  A.,  elected  Associate  Member,  590. 

1\Iackirdy,  J.  H.,  elected  Member,  588. 

McLaren,  J.  A.,  Remarks  on  Straight-Blade  Sawing-Machines,  776. 

Maclean,  J.  B.,  Associate  Member  transferred  to  Member,  1152. 

IM'MoRDiE,   R.  J.,   Lord    I\Iayor   of    Belfast,  Welcome   at  Belfast   Summer 

Meeting,  585. — Remarks  at  Institution  Dinner,  Belfast,  810. 
Maize,  W.  J.,  elected  Graduate,  593. 
Malan,  L.  de  M.,  elected  Associate  Member,  1151. 
Malcolm,  B.,  Remarks  on  Irish  Narrow-Gauge  Railway  Rolling  Stock,  634  : 

—on  Commercial  Utilization  of  Peat,  793. 
Mangnall,  a.  R.,  elected  Graduate,  1152. 
]\Ianley,  E.  L.,  elected  Associate  Member,  1151. 
Mann,  F.  C.  D.,  elected  Associate  Member,  590. 
March,  S.  H.,  Associate  Member  transferred  to  Member,  1152. 
Marriott,  J.  F.  L.,  elected  Graduate,  1152. 
Marsh,  C.  Ll.,  elected  Associate  Member,  873. 
Marshall,  F.,  elected  Graduate,  593. 
Marshall,  F.  W.,  Eng.  Com.,  elected  Member,  588. 
Marshall,  J.  A.,  elected  Associate  Member,  873. 
Marshall,  W.  B.,  Memoir,  866. 
Martin-Davey,  W.,  elected  Member,  1150. 
Marty,  E.,  Associate  Member  transferred  to  Member,  594. 
Matthews,  R.,  Remarks  on  Wire  Ropes,  723. 
Maw,  W.  H.,  Remarks  on  Wire  Ropes,  727,  729 : — on  Dynamical  Diagrams  of 

a  Train,  924. 
Mawer,  S.,  elected  Associate  Member,  590. 

Mechanical  Engineering  Laboratory,  Technical  Institute,  Belfast,  826. 
Meetings,  1912,  Belfast,  585. — October,  871. — November,  947. — December, 

1149. 
Megirian,  J.  J.,  elected  Associate  Member,  591. 
Meiklejon,  J.  H.,  Memoir,  866. 
Mein,  J.  H.,  elected  Associate  Member,  591. 
Mellanby,  T.  G.,  elected  Graduate,  593. 
Memoirs  of  Members  recently  deceased,  859,  1161. 
Menezes,  J.  A.,  elected  Graduate,  1152. 
Mertens,  J.  T.,  elected  Member,  588. 

Metcalf,  a.  T.,  Associate  Member  transferred  to  Member,  594. 
Middleton,  R.,  Memoir,  1166. 
Millar,  A.,  elected  Associate  Member,  591. 
Milton,  J.  T.,  Remarks  on  Refrigerating  Machines,  1066. 
Mineral  Water  Manufactory,  Belfast,  832. 
Minett,  a.  E.  S.,  elected  Associate  Member,  873. 
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Mitchell,  J.,  Associate  Member  transferred  to  Member,  594. 

Mitchell,  W.  A.,  elected  Associate  Member,  1151. 

Modulus  of  Elasticity,  Paper  on  the  Modulus  of  Elasticity,  and  its  relation 
to  other  physical  quantities,  1155. — Definition,  1155. — Table  of  values 
for  ten  common  metals,  1156. — Graph  obtained  by  plotting ;  presence 
of  impurities  afiects  elasticity,  1157. 

Mollier's  Diagrams.    See  Refrigerating  Machines. 

IMoRLEY,  T.  B.,  Remarks  on  Refrigerating  Machines,  1121. 

Morris,  J.  T.,  elected  Graduate,  593. 

Morton,  D.  A.,  elected  Associate  i\Iember,  873. 

Mountfort,  L.  F.,  elected  Associate  Member,  873. 

Mountney,  C.  p.,  elected  Associate  Member,  591. 

Mulligan,  M.,  elected  Associate  Member,  591. 

Municipal  Technical  Institute,  Belfast,  826. 

MuNRO,  0.  S.  A.,  elected  Associate  Member,  591. 

Mdntz,  Sir  G.  A.,  Bart.,  appointed  Member  of  Council,  1149. 

Muechison,  K.,  elected  Associate  Member,  591. 

Murray,  J.,  elected  Associate  Member,  1151, 

Napier,  R.,  Portrait.     See  Frontispiece  to  Part  4,  1912. 

Narrow-Gauge  Railways,  Ireland,  599.     See  Irish  Narrow-Gauge  Railway 

Rolling  Stock. 
Nash,  A.  W.,  elected  Associate  Member,  591. 
Neal,  J.  H.,  elected  Associate  Member,  591. 
Neilson,  G.,  elected  Associate  Member,  1151. 
Nell,  W.  A.,  elected  Graduate,  593. 
Nelson,  C.  C,  elected  Associate  Member,  591. 
Nevill,  W.  E.,  elected  Member,  1150. 

Newcastle,  Co.  Down,  Excursion  to,  Belfast  Summer  Meeting,  816. 
Newlands,  A.  H.,  elected  Associate  Member,  591. 
Newman,  A.  R.,  elected  Associate  Member,  591. 
NHj  Refrigerating  Machines,  949.     See  Refrigerating  Machines. 
NiCHOLL,  H.  W.,  elected  Graduate,  874. 
Nixon,  W.  F.,  elected  Member,  1150. 
Norman,  E.  G.,  elected  Associate  Member,  591. 
NoBRiSH,  G.  R.,  elected  Graduate,  593. 
North,  J.  F.,  elected  Member,  1150. 
November  Meeting,  1912,  Business,  947. 

October  Meeting,  1912,  Business,  871. 
Ogden,  R.  W.,  elected  Associate  Member,  873. 
Oliver,  A.,  elected  Associate  Member,  591. 
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Obmrod,  a.  S.,  elected  Graduate,  1152. 
OuGHTERSON,  G.  B.,  Memoir,  867. 

Pacey,  S.  0.,  elected  Associate  Member,  873. 

Paddock,  W.  G.,  elected  Graduate,  593. 

Page,  F.  J.,  elected  Member,  1150. 

Paramor,  J.,  elected  Member,  588. 

Parkinson,  B.  R.,  Associate  Member  transferred  to  Member,  594, 

Partington,  J.  S.,  elected  Graduate,  593. 

Patchell,  W.  H.,  Remarks  on  Belfast  New  Graving  Dock,  677: — on 
Commercial  Utilization  of  Peat,  794. 

Paterson,  a.,  elected  Member,  588. 

Peat,  Paper  on  Commercial  utilization  of  Peat  for  power  purposes,  by  H.  V. 
Pegg,  787. — Removal  of  moisture ;  experiments  with  air-dried  hand-cut 
peat,  787  ;  high  thermal  value  of  gas  derived ;  extraction  of  tar,  788. — 
Producer  plant,  788 ;  results  of  test ;  difficulty  in  separating  tar  from 
the  gas,  789 ;  frequent  cleaning  of  plant  required,  790.— Portadown 
factory  worked  by  peat-fuel  plant ;  comparative  costs  of  running  factory 
on  coal  and  peat,  791. — Ammonia  recovery  plant,  791. — Analysis  of  tar, 
791. — Analysis  of  peat,  792  ;  analysis  of  average  sample  of  gas,  793. 

Discussion. — Ellington,  E.  B.,  Thanks  to  author;  peat  deposits  in 
Ireland,  793. — Malcolm,  B.,  Method  of  drying  peat  for  household 
purposes;  peat  unsatisfactory  for  locomotive  work,  793. — Patchell,  W.  H., 
Hydrogen  content  in  peat  gas,  794. — Andrews,  G.,  Moisture  removed 
from  peat  electrically,  794 ;  tar-macadam  for  roads,  795. — Dixon,  W., 
Impossible  to  extract  all  moisture  from  peat,  795  ;  by-products  from 
peat,  796  ;  distance  of  peat  from  manufacturing  centres,  797. — Hill,  J., 
Tar  for  spraying  roads,  798. — Johnson,  L.  R.,  Experiments  on  peat  in 
Canada,  798 ;  unsuitability  for  locomotives,  799. — Pegg,  H.  V.,  Large 
extent  of  peat  bogs  in  Ireland  ;  peat  to  be  commercially  successful  must 
be  untreated,  799 ;  prepared  peat  useless  for  locomotives ;  prohibitive 
cost  of  moving  machinery  on  bog-lands,  800 ;  necessity  for  peat  being 
air-dried,  801. 

Communications. — Fielden,  F.,  Good  results  obtained  from  ammonia 
recovery  plant ;  suction-gas  plant  for  gasifying  peat  and  waste-fuels, 
802. — Wilson,  A.  B.,  and  Sankey,  Capt.  H.  R.,  Limit  of  percentage  of 
moisture  affecting  thermal  efficiency  of  plant,  802 ;  diagrams  showing 
amount  of  peat  required  for  evaporation,  804 ;  comparative  costs  of  coal 
and  peat,  805. — Pegg,  H.  V.,  Centrifugal  extractors  commercially 
unsuccessful ;  nature  of  tar  extracted  from  peat ;  recovery  of  by-products  ; 
nitrogen  content  increased  with  depth  of  bog,  806;  tar-spraying; 
moisture  percentage  in  peat  varies  daily,  807. 
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Pbgg,  H.  v.,  Paper  on  Commercial  Utilization  of  Peat   for  Power  Purposes, 

787.— Bemarks  thereon,  799,  806. 
Pendred,  v.,  Memoir,  1167. 
Penrose,  P.  O.,  elected  Associate  Member,  591. 
Peppercorn,  A.  H.,  elected  Graduate,  874. 
Perks,  T.,  elected  Associate  Member,  873. 
Phillips,  C.  D.,  Memoir,  1168. 
Phillips,  O'M.  P.,  elected  Associate  Member,  591. 
Pierce,  R.  C,  elected  Member,  871. 
Pilling,  J.,  elected  Member,  588. 
Plowright,  J.  T.,  elected  Member,  588. 
Pollock,  C.  A.,  elected  Associate  Member,  591. 
Portrait  of  R.  Napier.     See  Frontispiece  to  Part  4,  1912. 
PoRTRUSH,  Excursion  to,  Belfast  Summer  Meeting,  816. 
PoRTWAY,  R.  C,  elected  Associate  Member,  873. 
PouLTON,  W.,  Remarks  on  Straight-Blade  Sawing-Machines,  784. 
Power,  W.,  elected  Graduate,  593. 
PowRiE,  W.,  Memoir,  868. 
Prentis,  E.  F.,  elected  Graduate,  593. 
Prescott,  K.  S.,  elected  Associate  Member,  873. 
Price,  E.,  elected  Member,  871. 
Priestley,  G.  G.,  elected  Associate  Member,  591. 
Prout,  F.,  elected  Member,  588. 
Pull,  E.,  elected  Associate  Member,  1151. 
Pubnell,  W.  H.,  Associate  Member  transferred  to  IMember,  594. 

QuiNTON,  W.  R.,  elected  Associate  Member,  591. 

Railways,  Irish  Narrow-Gauge,  599.  See  Irish  Narrow-Gauge  Railway- 
Rolling  Stock. 

Rathmell,  B.,  Remarks  on  Refrigerating  Machines,  1129. 

Read,  A.  H.,  elected  Graduate,  1152. 

Read,  G.  H.,  Associate  Member  transferred  to  Member,  875. 

Reavell,  J.  A.,  elected  Member,  1150. 

Rees,  a.  C,  elected  Associate  Member,  873. 

Reeves,  B.  J.,  elected  Graduate,  1152. 

Refrigerating  Machines,  Paper  on  Vapour-Compression  Refrigerating 
Machines,  by  J.  W.  Anderson,  949. — Enormous  progress  of  refrigeration 
since  1886,  949  ;  field  for  research  ;  principal  types  of  machines,  950. — 
Action  of  refrigerating  machines,  950. — Cycle  of  operations  in  vapour- 
compression  machines,  952 ;  four  thermodynamic  losses,  953. — 
Refrigerants,   954 :    NHj,  C0„,  and  SO,,  955. — Practical  examples  of 
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compression  machines,  956 ;  scale-trap,  rectifier,  957 ;  liquid  receiver, 
958.  —  Regulating  valves,  958.  —  Evaporators,  959.  —  Condensers  ; 
submerged,  962 ;  atmospheric,  963  ;  double-pipe,  964. — Compressors, 
964 ;  double-acting  horizontal  NHj,  967 ;  arrangement  of  compressor 
cylinder,  969 ;  single-acting  vertical,  974  ;  double-acting  S0„  compressor, 
976  ;  COj  compressor,  978.— General  arrangements,  981 :  milk-cooler  ; 
brewery  water-cooling  plant,  982 ;  cold  stores,  984  ;  ammonia  plant  on 
shipboard,  985 ;  cold  stores  at  Wigan,  986 ;  meat-carrying  steamer, 
990 ;  refrigerating-machine  room,  993 ;  diagram  arrangement  of 
attemperated  brine  system,  994  ;  attemperator  cock,  996. — Rating  of 
refrigerating  machines  :  ice-melting  capacity,  997  ;  ice-making  capacity, 
998. — Conclusions :  Requirements  necessary  in  refrigeration,  999 ; 
research  required,  1000. — Appendix  I :  Notation  of  British  Standard 
Units,  1001. — Appendix  II:  Properties  of  Vapours  and  Refrigerants, 
1002 ;  enthalpy,  1003 ;  enthalpy  and  free  expansion  operation ;  dry 
saturated  vapours,  1004.— Refrigerants :  NHj,  1005;  CO,,  1006;  S0„, 
1010. — Appendix  III :  General  theory  of  compression  machines,  1010. — 
Appendix  IV :  Theoretical  comparison  of  NH,,  CO,,  and  SO2,  as 
refrigerants,  1019. — Appendix  V:  Outline  design  of  an  anamonia 
compression  machine,  1021. — Appendix  VI :  Testing  vapour-compression 
refrigerating  machines,  1028. 

Paper  on  a  Contbibution  to  the  Theoby  of  Refeigeeating 
Machtses,  by  J.  H.  Grindley,  1033. — Introduction,  1033. — New  cycle 
of  operations  :  temperature-entropy  diagram  for  CO,,  1035 ;  undercooling 
liquid  before  free  expansion  ;  superheating  vapour  before  compression, 
isothermal  compression,  1036. — Construction  of  Tables  for  CO,  and  NH,, 
1038. — Diagrams  for  rendering  calculations  easy,  1041. 

DisciLSsion. — Ellington,  E.  B.,  Thanks  to  authors,  1054. — Jenkin, 
C.  F.,  Fahr.  and  Cent,  degrees,  1054 ;  impossibility  of  compressing 
air  isothermaUy,  1055 ;  diagrams  illustrating  five  cycles,  1056 ;  need  of 
acciirate  data  for  refrigerants,  1057.— Voorhees,  G.  T.,  American 
practice,  1057;  loss  of  economy  in  steam-engine  due  to  cylinder 
condensation,  1058 ;  usefulness  of  Mollier's  diagram,  1059. — Willcox, 
F.  A.,  Progress  attained  in  mechanical  refrigeration,  1061 ;  trials  on 
C0„  machines,  1062 ;  standard  unit  of  refrigeration,  1064 ;  comments 
on  research  proposals,  1065. — Milton,  J.  T.,  Co-operation  in  research, 
1066. — Cracknell,  R.  J.,  Performance  of  absorption  machine,  1066. 

Discussion  on  20th  December  1912. — Sankey,  Capt.  H.  R.,  Diagram 
showing  compression  in  two  and  three  stages  with  intercooling,  1068  ; 
rating  of  refrigerating  machines,  1069 ;  standard  of  comparison ; 
requirements  for  a  standard,  1070. — Harrap,  G.  T.,  Abandonment  of 
precooling,   1071 ;    progress  in  research   work ;    absorption  machine. 
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1072 ;  dry-  and  wet-compression  ;  difficulties  in  fixing  a  standard,  1073. 
—Tyler,  A.  H.,  Experimental  work  of  manufacturers,  1075  ;  utility  of 
units,  1076  ;  wet-  and  dry-compression,  1078.— Hodsdon,  G.  C,  Object 
of  Papers,  1080 ;  cold-air  machines,  1081 ;  CO^  machine  with  water- 
jacket;  doubtful  benefit  from  use  of  interchanger,  1082;  Zeuner's 
curves,  1083 ;  relation  of  science  to  refrigerating  industry,  1086 ;  water- 
vapour  machine;  standard  of  refrigeration,  1087;  under-  and  over- 
charging of  machines,  1088;  specific  heat  of  brine,  1089;  further 
subjects  for  research,  1092.— Brier,  H.,  Thermodynamic  losses  in  CO2 
machines,  1092  ;  efficiency  of  COo  machines,  1094 ;  use  of  copper  pipes  ; 
regulation  of  temperature,  1095;  standard  of  refrigeration,  1096.— 
Enock,  A.  G.,  Scientific  research,  1096;  wet-  and  dry-compression; 
water-jackets,  1097;  minimum  clearance  between  piston  and  covers, 
1098 ;  volumetric  efficiency  and  its  influence  on  valve  designs,  1099 ; 
unit  of  refrigeration,  1100.  — Thom,  J.,  Running  of  refrigerating 
machines  during  last  twenty  years,  1100;  application  of  science  to 
manufacture,  1101  ;  critical  temperature  in  tropics,  1103.— Anderson, 
J.  W.,  Thermal  units ;  standard  ton  of  refrigeration,  1103 ;  improvement 
necessary  in  absorption  machines ;  superheating  in  compressor,  and  its 
effect  on  volumetric  efficiency,  1104 ;  want  of  published  research,  1105 ; 
standard  machine,  1106 ;  rating  of  machines,  1107  ;  CO2  machines,  1108. 
Communications. — Beck,  A.  E.,  Requirements  for  milk-cooling  plant, 
1109;  compressor  displacements  per  day,  1110.— Buckton,  E.  J., 
Standardization  necessary ;  horizontal  and  vertical  compressors,  1110 ; 
methods  of  driving  same,  1111.— Douglas,  W.  S.,  Impracticability  of 
Dr.  Grindley's  cycle;  standardization;  advantages  of  SO,  machines, 
1112.— Hill,  J.,  Difficulty  in  working  Dr.  Grindley's  cycle,  1113.— 
Knox,  R.,  Working  conditions  in  tropics;  SOg  machines,  1114; 
reasons  for  unsatisfactory  working  of  ice  plant  in  tropics,  1115; 
tabulated  observations  from  18-ton  machine,  1117-8.  —  Liverpool 
Refrigeration  Co.,  Dr.  Grindley's  cycle;  subjects  for  research,  1120.— 
Morley,  T.  B.,  Temperature  limits  for  standard  cycle  of  comparison, 
1121 ;  undercooling  the  liquid ;  wet-  versus  dry-compression ;  theoretical 
comparison  of  refrigerants,  1122;  Dr.  Grindley's  cycle;  improved 
cycle  for  C0„,  1123.— Rathmell,  B.,  Research  experiments  in  works ; 
wet-  and  dry-compression,  1129;  liner  in  compressors,  1130.— Stokes, 
W.,  Impracticability  of  Dr.  Grindley's  cycle,  1130;  reasons  for  economy 
with  Voorhees  system,  1132.— Williams,  H.,  Standardization,  1133; 
Professor  Porter's  work,  1134.— Anderson,  J.  W.,  Object  of  Paper,  1135  ; 
Dr.  Grindley's  cycle ;  attemperated  brine,  1136 ;  absence  of  smell  with 
CO2  machine;  compressor  displacements,  1137;  further  subjects  for 
research;  oil  injection ;  standard  of  comparison,  1138 ;  manufacturers' 
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experiments ;  further  subjects  for  research,  1139. — Grindley,  J.  H., 
Advantages  of  his  cycle  over  old  one,  1140 ;  multiple-stage  compression ; 
isothermal  compression,  1141 ;  r-(p  diagram ;  stage  compression  with 
intercooling,  1142 ;  water-jackets  on  C0„  machines,  1143 ;  latent  heat 
temperature,  1144 ;  refrigerating  machines  in  tropics ;  thermodynamic 
potential,  1146. 

Reid,  J.,  elected  Member,  588. 

Kemington,  a.  a..  Associate  Member  transferred  to  Member,  594. 

Reynolds,  C.  H.,  elected  Associate  Member,  591. 

Reynolds,  E.  W.,  elected  Associate  Member,  591. 

Reynolds,  0.,  elected  Associate  Member,  873. 

Reynolds,  W.  A.,  elected  Graduate,  598. 

RiCHABDS,  F.  B.,  elected  Associate  Member,  591. 

Richards,  F.  H.,  elected  Associate  Member,  591. 

Richardson,  H.  W.,  elected  Associate  Member,  591. 

RiGBY,  H.,  elected  Associate  Member,  873. 

Riley,  T.  S.,  elected  Graduate,  593. 

Roberts,  S.  H.,  elected  Graduate,  593. 

Robertson,  G.  W.,  elected  Associate  Member,  1151. 

Robertson,  T.  R.,  elected  Member,  871. 

Robinson,  I.  V.,  elected  Graduate,  1152. 

Robinson,  M.  D.,  elected  Graduate,  593. 

RoBSON,  G.,  elected  Associate  Member,  873. 

Rodd,  Captain  W.  J.  P.,  Associate  Member  transferred  to  Member,  875. 

Rogers,  H.  E.,  elected  Graduate,  1152. 

Rolling  Stock,  Irish  Narrow-Gauge,  599.  See  Irish  Narrow-Gauge  Railway 
Rolling  Stock. 

RoLT,  F.  H.,  elected  Graduate,  593. 

Rome,  G.  H.,  elected  Associate  Member,  873. 

Ropes,  Wire,  707.     See  Wire  Ropes. 

RoPEWORK  Co.,  Belfast,  830. 

RosEVERE,  G.  R.,  Associate  Member  transferred  to  Member,  875. 

RossiTER,  T.  H.,  elected  Associate  Member,  591. 

Ryder,  A.  H.,  elected  Associate  Member,  874. 


Sahgal,  S.  R.,  elected  Graduate,  593. 

Sal  WAY,  A.  D.,  elected  Associate  Member,  874. 

Sanguinetti,  v.,  elected  Member,  588. 

Sankey,  Capt.  H.  R.,  Remarks  on  Commercial  Utilization  of  Peat,  802: — on 

Refrigerating  Machines,  1068. 
Saunders,  T.  T.,  elected  Graduate,  593. 
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Sawinq-Machines,  Paper  on  Reciprocating  Straight-Blade  Sawing- Machines, 
by  C.  Wicksteed,  757.— Historical,  757.— Hack  Sawing-Machines,  759 ; 
eccentric  motion  for  tilting  saw,  761. — Advantages  over  circular  and 
band  saws,  762.— Design  of  machines :  guide-frame,  765  ;  prevention  of 
vibration,  766 ;  lifting  and  lowering  of  saw  at  extremes  of  stroke,  767  ; 
relative  length  of  blade  to  stroke  and  diameter  of  bar,  769. — Lubrication, 
769 ;  suds  pump,  770. — Results,  771 ;  multiple  saws,  772 ;  shaping 
machines,  773 ;  runner  saw  ;  sawing  webs  of  crankshafts,  774. 

Discussion. — Ellington,  E.  B.,  Thanks  to  author,  775. — McLaren, 
J.  A.,  Advantages  of  shaping-machine  saws ;  method  of  sawing  out 
webs  of  crankshafts,  776.— Hill,  J.,  Experience  of  cold-sawing,  776  ; 
idle  stroke  in  author's  machine,  777  ;  method  of  sawing  crank-webs, 
778 ;  thickness  of  saw-blade  necessary,  779 ;  straightening  of  circular 
saw-blade,  780.— Smith,  L.  W.,  Comparative  cost  of  running  band  and 
hack  saws,  781.— Wicksteed,  C,  Cutting  of  crank-webs;  circular  and 
band  saws,  782  ;  prevention  of  choking  teeth ;  shape  of  teeth,  783. 

Commujiication.—^oulton,  W.,  Steel  blades ;  improvements  in  saw- 
blades,  784. 

Saxelby,  F.  a.,  elected  Associate  Member,  591. 

ScHOFiELD,  S.  D.,  Associate  Member  transferred  to  Member,  875. 

Scoffham,  F,  B.,  elected  Associate  Member,  591. 

Scott,  J.  M.,  elected  Associate  Member,  591. 

Scott,  W.  H.,  Memoir,  1169. 

Sbnevibatne,  G.  D,  I.,  elected  Graduate,  1152. 

Shenstone,  W.  McC,  elected  Associate  Member,  874. 

Sheret,  D.  a.,  elected  Associate  Member,  591. 

Shillington,  T.  F.,  Remarks  on  Belfast  New  Graving  Dock,  676. 

Shipbuilding  Works,  Belfast,  838,  847. 

Simon,  L.  J.,  elected  Associate  Member,  874. 

Skidmore,  T.  E.,  elected  Associate  IMember,  591. 

Skinner,  H.  V.,  elected  Graduate,  593. 

Smith,  A.  J.,  elected  Associate  Member,  874. 

Smith,  B.  W.  T.,  elected  Graduate,  593. 

Smith,  C.  A.  M.,  Associate  Member  transferred  to  Member,  875. 

Smith,  P.  S.,  elected  Associate  Member,  874. 

Smith,  J.  T.,  elected  Associate  Member,  591. 

Smith,  L.  W.,  Associate  Member  transferred  to  Member,  594.— Remarks  on 
Straight-Blade  Sawing-Machines,  781. 

Smith,  M.  H.,  Associate  Member  transferred  to  Member,  1153. 

Smith,  T.  H.,  Associate  Member  transferred  to  Member,  875. 

Smith,  W.  G.,  elected  Member,  871. 

Smith,  W.  H.,  Memoir,  1170. 
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Smyth,  S.,  elected  Graduate,  1152. 

SO2  Refrigerating  Machines,  949,     See  Eefrigerating  Machines. 

Spencer,  P.,  elected  Associate  Member,  874. 

Spindle,  Flax  Spinning,  685.     See  Flax  Spinning  Spindle. 

Spinning  Spindle,  Flax,  685.     See  Flax  Spinning  Spindle. 

Splitter,  B.,  elected  Graduate,  874. 

Spooner,  G.  p..  Remarks  on  Dynamical  Diagrams  of  a  Train,  929. 

Sprague,  J.  E.,  elected  Associate  Member,  591. 

Sprunt,  H.  W.,  Associate  Member  transferred  to  Member,  1153. 

Stack,  W.  A.,  elected  Graduate,  1152. 

Stanfield,  J.  R.  M,  elected  Associate  Member,  874. 

Staniar,  H.  D.,  elected  Associate  Member,  591. 

St APYLTON- Smith,  J.  B.,  elected  Graduate,  593. 

Steele,  R.  McA.,  elected  Graduate,  875. 

Stent,  A.  J.,  elected  Graduate,  593. 

Stevenson,  W.  L.,  elected  Associate  Member,  591. 

Stirling,  A.  G.,  elected  Associate  Member,  591. 

Stocks,  J.  A.,  elected  Graduate,  593. 

Stokes,  W.,  Remarks  on  Refrigerating  Machines,  1130. 

Stoltenhofp,  R.,  elected  Graduate,  1152. 

Stone,  S.  G.  E.,  Associate  Member  transferredito  Member,  594. 

Straight-Blade  Sawing-Machines,  757.     See  Sawing- Machines. 

Stratford,  A.  B.,  elected  Associate  Member,  592. 

Stuart,  A.  H.,  Paper  on  the  Modulus  of  Elasticity,  and  its  relation  to  other 

physical  quantities,  1155. 
Sugg,  H.  G.,  elected  Associate  Member,  874. 
Suggate,  C.  F.  D.,  elected  Associate  Member,  1151. 
Sulphurous  Anhydride  Refrigerant  (S0„),  955,  1010.     See  Refrigerating 

Machines. 
Summer  Meeting,  1912,  Belfast,  585. 
Superheater  tank-locomotives,  611,  651. 
Superheating  on  Narrow-Gauge  Railways,  Ireland,  611,  651. 
Sutcliffe,  a.  R.,  elected  Associate  Member,  874. 
Swain,  H.  J.,  elected  Associate  Member,  592. 
SwiNTON,  E.,  elected  Graduate,  593. 
Symons,  a.  B.,  elected  Associate  Member,  1151. 

Tait,  R.  a.,  elected  Associate  Member,  874. 
Tarrant,  A.  N.,  elected  Associate  Member,  592. 
Tartt,  W.,  Memoir,  1170. 

Taylor,  H.,  Remarks  on  Flax  Spinning  Spindle,  703. 
Taylor,  W.  A.  T.,  elected  Associate  Member,  1151. 
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Theory  op  Eefbiqerating  Machines,  1033.     See  Refrigerating  Machines. 

Thom,  J.  (Enfield),  elected  Associate  Member,  874. 

Thom,  J.  (London),  Remarks  on  Refrigerating  Machines,  1100. 

Thomas,  F.  G.,  elected  Associate  Member,  1151. 

Thompson,  H.  J.,  elected  Associate  Member,  592. 

Thompson,  J.  J.,  elected  Associate  Member,  592. 

Thompson,  R.,  Remarks  at  Institution  Dinner,  Belfast,  812. 

Thompson,  St.  J.  M.,  elected  Associate  Member,  592. 

TiNDLB,  S.  P.,  elected  Graduate,  593. 

TOOKEV,  W.  A.,  elected  Member,  589. 

Townhill,  W.,  elected  Member,  1150. 

TowNSEND,  C.  E.,  elected  Graduate,  1152. 

Tractive-Force  Curves,  877.     See  Dynamical  Diagrams  of  a  Train. 

Train  Diagrams,  877.     See  Dynamical  Diagrams  of  a  Train. 

Tramway  Works,  Belfast,  824. 

Transferences  of  Associate  Members,  &c,,  594,  875, 1152. 

Tbipp,  W.  H.  S.,  elected  Associate  Member,  874. 

Trotter,  A.  P.,  Remarks  on  Dynamical  Diagrams  of  a  Train,  927. 

TucKETT,  W.  F.,  elected  Associate  Member,  1151. 

Tullymore  Park,  Co.  Down,  Visited  at  Belfast  Summer  Meeting,  817. 

Turner,  P.,  elected  Member,  871. 

Turner,  G.  B.,  elected  Associate  Member,  874. 

TURVEY,  W.  J.  W.,  Memoir,  1171. 

Tweedie,  F.  F,,  elected  Member,  1150. 

TwiNBERROw,  J,   D.,  Remarks    on    Irish    Narrow-Gauge  Railway  Rolling 

Stock,  638. 
Tyler,  A.  H.,  Remarks  on  Refrigerating  Machines,  1075. 

Ungeh-Vetlesen,  F.  W.  G.,  elected  Graduate,  875. 
Utley,  R.,  elected  Associate  Member,  1151. 

Vapour-Compression  Refrigerating  Machines,  949.     See   Refrigerating 

Machines. 
Vine,  H.,  elected  Associate  Member,  874. 
Voorhees,  G.  T.,  Remarks  on  Refrigerating  Machines,  1057. 

Wadia,  a.  D.,  elected  Associate  Member,  1151. 

Walford,  F.,  Associate  Member  transferred  to  Member,  594. 

Walker,  J.  E.,  elected  Associate  Member,  1151. 

Wallis,  T.  a.,  elected  Associate  Member,  1151. 

Ward,  F.  E.,  elected  Associate  Member,  592. 

Watkins,  W.  G.,  elected  Associate  Member,  592. 


1196  INDEX.  Dec.  1912. 

Watson,  J.,  Associate  Member  transferred  to  Member,  1153. 

Webber,  J.  T.,  Eng.  Lieut.,  elected  Associate  Member,  1151. 

Weiss,  M.,  elected  Associate  Member,  592. 

Wells,  G.  M.,  elected  Graduate,  593. 

West,  P.  B.,  elected  Associate  Member,  592. 

Westmacott,  p.  G.,  elected  Associate  Member,  592. 

Whallby,  H.  db,  elected  Associate  Member,  1151. 

Wheatley,  L.  J.  T.,  elected  Associate  Member,  1151. 

Wheatley,  W.  G.,  elected  Member,  589. 

Whipp,  F.  G.,  elected  Graduate,  875. 

Whitaker,  J.,  elected  Graduate,  875. 

Whitaker,  L.  B.,  elected  Graduate,  593. 

White,  C,  elected  Associate,  1151. 

Whyte,  a.  L.,  elected  Associate  Member,  874. 

Whyte,  K.  McI.,  elected  Graduate,  1152. 

Wicksteed,  G.,  Paper  on  Reciprocating  Straight-Blade  Sawing-Machines,  757. 
— Remarks  thereon,  782. 

Wicksteed,  J.  H.,  Remarks  on  Wire  Ropes,  727:— at  Institution  Dinner, 
Belfast,  811. 

Wilcox,  J.  G.,  Associate  Member  transferred  to  Member,  875. 

Wilkinson,  J.  W.  P.,  elected  Associate  Member,  592. 

Wilkinson,  L.  St.  G.,  elected  Associate  Member,  592. 

WiLLANS,  G.  H.,  Associate  Member  transferred  to  Member,  594. 

WiLLCOx,  P.  A.,  Remarks  on  Refrigerating  Machines,  1060. 

Williams,  H.,  Remarks  on  Refrigerating  Machines,  1133. 

Wilson,  A.  B.,  Remarks  on  Wire  Ropes,  725,  727 : — on  Commercial 
Utilization  of  Peat,  802. 

Wilson,  W.  B.,  Associate  Member  transferred  to  Member,  594. 

Wingfield,  C.  H.,  Remarks  on  Wire  Ropes,  749. 

Wire  Ropes,  Paper  on  Wire  Ropes  for  lifting  appliances,  and  some  conditions 
that  affect  their  durability,  by  D.  Adamson,  707. — Quality  of  material 
and  size  of  wire,  707. — Abrasion  is  the  principal  factor  in  limiting  life 
of  ropes,  709. — Diameter  of  pulleys  and  arrangement  of  ropes ;  varying 
length  of  life  of  ropes,  710 ;  A.  S.  Biggart's  experiments ;  beneficial 
effect  of  oiling  ropes,  711 ;  experiments  on  durability  of  wire  ropes  as 
affected  by  diameter  of  pulleys,  712 ;  effect  of  increasing  diameter  of 
pulleys,  714 ;  durability  as  affected  by  diameters  of  rope  and  puUey, 
715. — Various  arrangements  in  lifting  appliances,  716. — Comparison  of 
anticipated  length  of  life  of  various  ropes,  717. — Increase  in  diameter 
of  rope  drums  required  to  give  equal  durability,  718.— Ratio  of  diameter 
of  pulleys  and  drums  to  circumference  of  rope  to  give  equal  durability, 
718. — Relative  rope  circumference  allowing  for  smaller  ropes  due  to 
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increased  number  of  falls,  719. — Drum  and  pulley  diameters  resulting 
from  a  combination  of  the  foregoing,  719. — Simple  method  of  improving 
durability  of  crane  ropes,  720. — "Lay"  of  the  strands  and  lubrication 
of  rope  increase  durability,  722. 

Discussion. — Ellington,  E.  B.,  Thanks  to  author;  careful  inspection 
of  ropes  necessary,  723. — Matthews,  R.,  Bends  shown  in  illustrations, 
723 ;  lifts  per  crane  per  annum,  724  ;  large  pulleys  advisable,  725 ;  effect 
of  double  bends,  725. — Wilson,  A.  B.,  Destructive  nature  of  reverse 
bends,  725  ;  and  of  reverse  half-bends,  726. — Wicksteed,  J.  H.,  Breaking 
of  one  wire  in  a  strand  impairs  life  of  rope,  727 ;  machine  for  testing 
wear  of  ropes,  729. — Maw,  W.  H.,  Method  of  obviating  reverse  bends, 
729. — James,  T.,  Tests  on  partly  broken  ropes  to  determine  durability, 
730.— Burke,  T.,  Duration  of  ropes  at  Belfast  Harbour  Works,  732. — 
Hele-Shaw,  H.  S.,  Wear  of  rope  at  point  of  contact ;  accident  at 
Johannesburg,  733  ;  abandonment  of  flat  rope ;  inspection  of  ropes, 
734. — Adamson,  D.,  Explanation  of  bends  illustrated  in  Paper,  734; 
compensating  pulley ;  extremes  of  working  cranes ;  size  of  barrels  and 
pulleys,  735 ;  double  bend  compared  with  two  ordinary  bends ; 
disadvantage  of  reverse  bends  ;  effect  of  partial  bends,  736  ;  importance 
of  attachment  of  rope  to  hoisting  appliance  ;  durability  of  wire  ropes 
suitable  for  investigation,  737  ;  testing  of  ropes  partially  cut,  738. 

Communications. — Barge,  H.  L.,  Additional  wires  in  ropes  introduced 
in  centre  of  strands,  738 ;  lubrication  prevents  internal  abrasion ; 
disadvantage  of  Lang's  lay,  739. — Broughton,  H.  H.,  Factors  affecting 
life  of  rope,  739 ;  suggested  rule  for  doubling  life  of  rope ;  data  for 
lifting  gears  of  50-ton  cranes,  740;  necessity  for  lubrication,  741. — 
Hughes,  G.,  Work  done  by  wire-ropes  on  L.  and  Y.  Railway,  741 ; 
conclusions  drawn  therefrom,  748. — Wingfield,  C.  H.,  Pressure  of 
individual  wires  on  pulley  due  not  only  to  tension  but  to  squeezing 
effect  of  outer  wires,  749 ;  rate  of  wear  of  wire,  750 ;  endurance  of 
metals  ;  stress  in  ropes,  751 ;  prevention  of  spin  saves  wear,  752. — 
Adamson,  D.,  Preference  for  low  tensile  strength,  752  ;  number  of  wires 
in  contact  with  pulley  ;  increasing  diameter  of  pulleys  lengthens  life  of 
rope,  753 ;  great  variations  in  conditions  of  working,  754 ;  estimating 
rate  of  wear  of  wires ;  life  of  ropes  affected  more  by  abrasion  than  by 
internal  stresses,  755. 

Woodcock,  F.  S.,  elected  Graduate,  593. 

WoODHOUSB,  E.,  Eng.  Lieut.,  R.E.,  elected  Associate  Member,  592. 

Workman,  Claek  and  Co.'s  Works  and  Shipyard,  Visited  at  Belfast  Summer 
Meeting,  816.— Description,  847. 

Weight,  J.  W.  E.  G.,  elected  Associate  Member,  874. 

Wyatt's  Spinning  Feame,  704,  705, 


1198  INDEX.  Dec.  1912. 

Yeebuey,  p.  a.,  Graduate  transferred  to  Member,  59i. 
York  Street  Flax  Spinning  Co.,  Belfast,  856. 
Young,  A.  G.,  elected  Associate  Member,  1151. 
Young,  D.  S.,  elected  Associate  Member,  1151. 
Young,  G.,  elected  Associate  Member,  874. 
Young,  J.  R.,  elected  Associate  Member,  592. 

Zeunbe's  Tables.     See  Refrigerating  Machines. 


IRISH  NARROW-GAUGE  RAILWAY  ROLLING-STOCK.     PL 23. 

Fit,'.  13.     County  Doiicgn!  I^aihcays. 
For  Diiih'iisioiis  of  all  Locoiiiot/7'cs  sec  Tuhlc    1   i piii^c  (124  >. 


si^S 
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IRISH   NARROW-GAUGE  RAILWAY   ROLLING-STOCK.     PL 24, 

County  Donegal  Railways. 

Fij^.  14.     Bogie  Passenger  Stock,  Tranship  Truck  on  narroiv  gauge 
Undcrfranie,  also  Goods,  Cattle  and  Horse  Boxes. 


P  R       r  241     ft  R,        I !   ' 
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TRISH  NARROW-GAUGE  RAfLWAY  ROLLrNG-STOCK.      PJ.  25. 

V\i^<,.  21,  22  and  l?:.     Loiulothtcny  diul  Loii,iih  S\iiUy  RailiCdy. 


■,  f    -»    ^ 
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i_,p_i_,j.     ■■   ■■ 
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£ 

;^5,^«i-.^£:$^gfeBf©' 
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IRISH   NARROW-GAUGE  RAILWAY  ROLLING-STOCK.       PL  26. 

Fij^s.  45  to  48.     Cmuiii  itiul  Lcilriiii  Riiihvay. 

Tntiim'ii\  KiiiiiiH-  tU/r<l  to  he  driven  ,      ,     ,,    i- .,,•,,, 

.-  -11  1  T — t — U     r^  Ifilllt. 

.Iii'iii   i-lliur  cilil. 


r 

m 

^^mmn 

WO^ 

fe: 

tons,  1  c,  1  q.  3rd  class  Carriage.  SO  Pussenners.  Tare.  7  tons.  12  i 


ninni! 


T^fc 


Figs.  54  and  55.     Casllalerg  and  Victoria  Bridge  Tramway. 

Passenger  Coach.  Length  19  ft.  9  in.     Width  6  .ft.  Covered  Goods  Wagon,  Length  13  .ft.  6  in. 

Height  from  rail  9  ft.  6  in.     Wheet-base,  7  .ft.  6  in.  Widtli.  6. ft.  6  in.     Height  from  rail,  9  .ft.  6  in. 

To  carry  5  tons.        Tare.  4  tons. 


Fiil.   56.     LtsUnvcl  diid  Jhdlvhitiiioii  Ruthd'ay. 


Fig.  62.     3ft.  6  in.  Gauge  Tank  Locomotive. 

(Mr.  H.  W.  Garrait's  communication.! 
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BELFAST    NEW    GRAVING    DOCK. 


Plate  27. 
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BELFAST    NEW    GRAVING    DOCK.  Plate  28. 

Figs.  4  and  5.      Mtnhiiiciy  (or  ciiiplyint^  l/ic  Diuk. 
Xciv  Eiii^iiic  Room. 

r1 


BELFAST    NEW    GRAVING    DOCK.  Plate  29. 
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BELFAST    NEW    GRAVING    DOCK.  Plate  30. 
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BELFAST    NEW    GRAVING    DOCK.  Philc  M . 

Fig.  8. 
30-toii  Hydraulic  Capstans. 


For  Scale,  sec  Plate  32. 
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BELFAST    NEW    GRAVING    DOCK. 

ll-loii  Hyiirniilic  Capslaiis. 


PI, lie  32. 
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BELFAST    NEW    GRAVING    DOCK. 


Plate  33. 
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BELFAST    NEW    GRAVING    DOCK. 


Plate  .■)-/ 


s 
U 


<< 


F^-^^> ai 


Mechanical  EiWiiiccrs  1912. 


FLAX    SPINNING    SPINDLE. 


Plate  35. 


Fig.  1.       Wooden  Spindles  and  Whorls. 


a.  Peru. 

b.  Egypt. 

c.  S.  'Italy 
d  c  f.  Russia. 


g.  Cicniiauy. 

h.  Congo. 

i.  Nigeria, 

k.  Madeira. 


Scale  for  all  except  c  and  g. 
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FLAX    SPINNING    SPINDLE.  Plate  36. 

^     Fig.  2.      Wooden  Spindle,  and  Whorl  inade  from  a  coin,  India. 


Fig.  3.      India. 


Spinning  Wheels. 


^i 

a-^ 

0\ 

/ 

^Z 

1 

f/M 

§ 

^' 

12lNCHES 

mnrniin   Fig. 4.   china. 


FLAX    SPINNING    SPINDLE. 


PInIc  37. 


Sketch  of  a  Spiuiiiiiii   U'luci  hy  l.coiiiinlo  <l<i    Vina,  died   IM'K 
Picsciitcii  to  the  AiiiItoskiii   I.Huniy  iii   Mitmi,   U\>'->. 

'J'rdllsldtioil. 

(a)  The  plus   ( Fifi.   7)   mc   put   iii    for   ti.L^htciiiiiK   tlio 

l>iiiul. 

(I))  The  u'hcci  or  nitchct  S  must  not  .iiivc  more  thuu 

oiw    sLvth    of  ii    turn,   thus  nsinii  one  srvth  oj    its 

circumference    leliicli    lias  4   coi^s  ;    the   7rlicel  A  (• 

must    have    the    teeth    pt<iced    4X4    that    is    ,is 

much  splice  Ini'iccen  the  u-licel 

for    4    tcetli    us    in    tlic   sp<ice 

Ijcticecn  4  &  4. 

(c)  The  part  of  the  spindle   M  A 

is     round     and     turns    in     ii 

round     tutu-     and     tlie     part 

of   the    said    spin  die    A  A'     is 

square  ami  the  tiiln-  coi'Ci-inti 

it    must   also   be  square,  thus 

it    IS    alicays    necessary    that 

the  mate  and  the  female 


he  of  like  dimensions 
so  that  tiicy  u'itt  turn 
together. 


{ 
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FLAX    SPINNING    SPINDLE. 

Spindle  and  Fliers  atUichcd  to   licdrini 


PI  ale  38. 


c 
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WIRE  ROPES.  Plate  39. 

(Ml.  II.  I.,r,c//ii,iii  ll.uiicsioiiimunication.) 
^\g.  15.     Xiiic  Ropes  slicm'ing  7'(irioiis  iiiiiiilwrs  of  wires  in  each  straiuL 


STRAIGHT-BLADE    SAWI  NG-M  ACHIN  ES.        Philc  40. 

l''i.!4s.   13  and   14.      Siii^/t-  Sii,ciii,i^-M(hliiiu\ 
(iiul  siiiiildr  iiituhiiic  lor  ciillniil  TnuimHiy  Rails. 


Fi.u.  15. 

7"  Multiple  Saiv 
for  ciittiiiii  blanks 

from  I"  thick 
up  to  the  capacity 

of  the  machine. 
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STRAIGHT-BLADE    SAWiNG-M  ACH  IN  ES.        Pl,ilc41. 
Fif^.  19.     Sliapiiiil  Mticliiiic  Sdiv. 


Fi^.  17. 

Multiple  Saw. 

Rack  Arrangement 

for  cutting  blanks 

from  ui"  to  4  '  thick. 


Fig.  21.     Saiv  for  Steel  Castings. 
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VAPOUR. COMPRESSION  REFRIGERATING  MACHINES.    PL  42. 

Horizontal  iiiul  Vertical  Amnioitia  Compressors,  Belt  or  Steam  Driven. 
(The  L.  R.  Co.,  Sterne  and  Haslam.) 


VAPOUR-COMPRESSION   REFRIGERATING   MACHINES.      PI.  43. 

.liiiDioiiKi  and  Carbonic  Aiiliydr/ilc  Coiiiprrssms. 
( H, islam  and  Tlic  I..  R.  Co.) 


On 


■^j 
^ 


NHj  DUPLEX  MARINE. 
(THEL.R.Co) 


4^D.«I5  STH 
CO2 DUPLEX  MARINE 
(THE  L  R  Co.l 


VAPOUR-COMPRESSION  REFRIGERATING  MACHINES.     PI.  44. 

Carbonic  AiiJiydridc  Marine  Compressors.     ( Haslam.j 
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VAPOUR-COMPRESSION   REFRIGERATING   MACHINES.      PL  45. 

Snlphiii  i>/is   A  iiliYtliidr  Cuiiipri  >.si'i  \.      ( I  iiiiiL^his. ) 


Dairy,  showing  Milk 
cleaner.  Pasteurizer. 

Separator,  etc.. 

luni  CoDipoitiid 

Milk-Cooler 

(See  Fig.  19  J 

working  in  conjunction 

iciih  above  plant. 


Complete  SO2   Plant  tor  general  land  tvork. 
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REFRIGERATING    MACHINES. 


Plate  46. 
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